Volume 25 OCTOBER, 1941 Number 10 


BULLETIN 
of the 


American Association of 


Petroleum Geologists 


CONTENTS 


Cementing Materials in Sandstones and Their Influence on Migration of Oil 

By W. A. Waldschmidt 

High- a Yates Sand Gas Problem, Wasson Field, Yoakum County, West 

By Alden S. Donnelly 

South Co Lake Field, Chambers County, Texas By Joseph M. Wilson 
Relation of Organic Matter to Color of ne R 

By H. Whitman Patnode 


GEOLOGICAL NOTES 
Migration of Oil from Arbuckle Limest into Chatt: ga Shale in Chetopa 
Oil County, Kansas By G. Abernathy 
ture in Three Wells in Southeastern Turkey 
By Cevat Tasman 
Wildcat Drilling in 1940—Correction By Frederic H. Lahee 


REVIEWS AND NEW PUBLICATIONS 
Submarine Topography off the California Coast: Canyons and Tectonic 
Interpretation, by Francis P. Shepard and K. O. Emery 
By John L. Ferguson 
Oil and Gas Field Development in United States, 1940, by National Oil 
Scouts and Landmen’s Association By Joseph L. Borden 
On Carboniferous Foraminifera of the Samara Bend, by D. Rauser-Cernous- 
sova, G. Beljaev, and E. Reitlinger 


By Siemon Wm. Muller and Hubert G. Schenck 
Petrol Develop and Technology, 1941, by A.I.M.E. Petroleum 
Division By G. S. Dillé 


Natural Gas in Brantford Area, Ontario, by J. F. Caley By Charles S. Evans 
Recent Publications 


THE ASSOCIATION ROUND TABLE 
Walter George Woolnough, Honorary Member By J. T. Richards 
Association Committees 
Twenty-Seventh Annual Meeting, Denver, April 21-24, 1942 


Membership Applications Approved for Publication 

MEMORIAL 
Henry Hart Pratley By Fred Pratley 
Eugene Law Ickes By Max L. Krueger 


AT HOME AND ABROAD 
Curtent News and Personal Items of the Profession 
American Association for the Advancement of Science, Dallas, December 
29-31 
South Texas Section Thirteenth Annual Meeting, October 31, November 1-2 


1839 


1880 
1898 


1921 


1934 


1937 
1938 


1940 
1942 


1943 


1950 
1950 
1951 


1954 


1958 
1960 
1961 


1962 
1962 
1964 


1966 
1966 


CopyrkIGHT, 1941, BY THE AMERICAN ASSOCIATION 
OF OLEUM GEoLoGIsTs, Inc. 


i} 
M1: Ca Ay 
( 
: 
ak 
{ 
| q 
a 
( 
| 
| 


MORE THAN EVER/ 


With the national emergency making it increasingly difficult to obtain equip- 
ment necessary for new oil production .. . the responsibility of the Geologists 


and Exploration Department for greater accuracy is increasing daily. 


PROVEN IN WORLD-WIDE USE... 
E. L. . EQUIPMENT IS THE ANSWER FOR GREATER ACCURACY 


CONSULTING 


4 


SEISMIC EXPLORATION EQUIPMENT —E.L.J. in conjunction with Seismograph Service 


Corporation has continuously developed and improved equipment used by S.S.C. and many of the major 
companies, which include: 
Shooting Trucks and Drill Tenders A-3 Explorer Jr. Portable Rotary Drill 
Seismic Recording Trucks and Trailers Truck Mounted Rotary Drill 
Dynamite Trailers 


WELL LOGGING EQUIPMENT — Built by E.L.1. for Well Surveys, Inc., and used for Well Logging 


by Radioactivity by Lane-Wells Company in the United States andSeismograph Service Corporation in South 
America. 


DRILLING MUD ANALYSIS EQUIPMENT —suiit by E.L.I. under Barnsdall Patents used in Baroid 


Well Logging Service. 


BOTTOM HOLE PRESSURE AND LABORATORY EQUIPMENT— core Analysis Apparatus, 


including Hayward Permeameter, Diamond Core Drill, Water Determination Apparatus. Humble and Perco 
Type Pressure Gauges, Samplers and other related equipment used by petrol gi throughout the 
world. 


With E. L. |. Equipment MORE Wells ARE PRODUCERS! 


If you are not receiving the 


ELI Engineer 


send us your name. This publication will keep you 
informed on new E.L.I. Equipment and Services. 


Engineering Laboratories, Inc. 
ENGINEERS & MANUFACTURERS 


TULSA, OKLAHOMA, U. S. A. 
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Minimizes Hot Weather Handicaps 


Despite heat, humidity and dust... you can depend 
upon Haloid Record for consistently finer recordings 
this summer. Uniformly fast exposure and rapid free 
development practically eliminate waste. Even when 
developed warm in the field, Haloid Record retains 
its outstanding contrast and legibility. Reasonable 
variation in timing has little, if any, effect on the 


finished print. 


This combination of photographic excellence and 
abuse-resistance has made Haloid Record first choice 
of Geophysicists for year around use. 


Worth Investigating 


Send for several free sample cans 
to try under your regular operat- 
ing conditions. We’re confident 
this practical test of Haloid 
Record will be convincing proof 
of superiority. Just specify your 
regular size (maximum in cans 
8” x 200’). No obligation, of 
course. 


THE HALOID COMPANY 
477 Haloid St. Rochester, N.Y. 


SEISMOGRAPH REC APER 
; 
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MAKE YOUR NEXT SEISMIC SURVEY WITH 
NATIONAL 24 TRACE SEISMOGRAPH 


@ The National 24 Trace Seismograph with its thoroughly modern design represents the 
best in Seismic equipment. Surveys by ‘National’ with the National 24 Trace Seismo- 


graph—outstanding for their accuracy—represent the best in Seismic Surveys. 


NATIONAL GEOPHYSICAL COMPANY 
L L E xX A $ 


$ @ T 
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NEW 


introduces 


A SPECTACULAR ADVANCE 
RECORDING HOLE DEVIATION 


Entirely new, entirely different—the Sperry-Sun E-C Inclinometer repre- 
sents an astonishing improvement over present-day inclination recording 
instruments. Operated by dry cell batteries on sound electro-chemical prin- 
ciples, it opens up new possibilities in well surveys—and points the way to 


faster, more efficient drilling. 


Among the advantages of the Sperry-Sun 
E-C Inclinometer are the following: 


SELF-CHECKING 


The instrument will not make a record until it 
is allowed to rest at the depth where the in- 
formation is wanted. It simply can’t produce a 
false record. 


NO TIMING DEVICE NEEDED 


No more need to worry about troublesome clocks. 
No more checking of the lowering time with a 
page nage surface watch, no more waiting for 
the time clock switch to operate. 


MINIMUM RECORDING TIME 


Having no clock the E-C Inclinometer can be 
lowered and raised at a speed of 800-1000 ft. 
= minute without damaging the instrument. It 
as a shorter recording time than any other 
instrument available. Within 45 seconds after 
the instrument comes to rest at the desired depth 
the record is made and the instrument can be 
withdrawn or be lowered to other depths for 
making additional records. 


LOWEST OPERATING COST 


The automatic and multiple recording features 
and high speed of operation re- 
sult in a minimum loss of rig 
time. 


Sample Record 
Note difference in size of white 
dots representing various resting 
periods at different depths. The 
depth can be definitely identified 
by the size of the dot. 


—— ON ORDINARY MEASURING 


The Sperry-Sun E-C Inclinometer is small and 
compact. Outside diameter of the protective cas- 
ing is only 1 5/16”. The Inclinometer readily 
passes through a small tool joint. 


PERMANENT RECORDS—INSTANTLY 


Records, made on specially treated paper, can 
be read instantly on removal from the instru- 
ment, They require no development, are perma- 
nent and indestructible. 


MULTIPLE RECORDING 


Several records at various depths can be made 
with one lowering of the instrument into the 
hole. By allowing the instrument to remain at 
rest for a different period of time at each depth, 
the depth at which each record has been taken 
can easily be identified by the size of the dot on 
the record. See illustration of sample record. 


REASONABLE RENTAL CHARGES 


Rental charges for the E-C Inclinometer are 
reasonable and not higher than those of 
other inclinometers, which are not self- 
checking, and do not permit multiple re- 
cording. 


Complete box contains the Sperry-Sun 
E-C_Inclinometer, recording discs and 12 
small dry batteries (9 for reserve use). 


Further information is available at any of 
our offices. 


: Houston, Lubbock, Corpus Christi, and Fort Worth, Texas; 
bt polars Okla.: Long Beach and Bakersfield, Calif.; Lafayette, La. 
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SPERRY-SUN WELL SURVEYING CO. 1608 WALNUT ST., PHILA., PA. : 


he cumulative experience of more than 


20 field crews in diverse localities, and con- 
stant research in both field and laboratory 
enable us to render a seismograph service 
which we believe to be unequalled. >> Fully 
experienced crews available for work any- 
where in the United States and Foreign 


Countries. + Your inquiries are invited. 


_ 
GLO. ‘GELES, CALIFORNIA PHILCADE 
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Additional — of POSSIBLE FUTURE OIL PROVINCES from the August Bulletin, 
oth-bound, may be ordered now. Price: A.A.P.G. members and associates, $1.00; 


ers, $1.50; postpaid. In lots of 100: $1.00 per copy. A.A.P.G., Box 979, Tulsa, Oklahoma. 


Articles for November Bulletin 


Oligocene Stratigraphy of East White Point 
— San Patricio and Nueces Counties, 
‘exas 


By Pui F. Martyn and Cuartes H. 
SAMPLE 


Heart Mountain and South Fork Thrusts, 
Park County, Wyoming 


By G. PIeRce 


Sedimentation and Oil Accumulation on Gulf P°st-Appalachian Faulting in Western Ken- 
Coast tucky 


By Dorts MALKIN and DorotHy A. JuNG 


By Rocer RHoapEs and ALvin MISTLER 
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Years of patient research and development 
work are responsible for the efficiency and 
economy of the Dowell line of Paraffin Sol- 
vents. The advantages they bring to the in- 
dustry have made many mechanical methods 
obsolete. 


There are five solvents in the Dowell line. They 
are identified as RED, ORANGE, PURPLE, 
GREEN and BLUE. Each is designed for a 
specific area or specific type of paraffin. Each 
solvent is a concentrated chemical designed 
to be diluted, at the well, with gasoline or 
naphtha as the carrying agent. 


Dowell Solvents meet an extensive list of diffi- 
cult production problems. They may be used 
successfully to remove paraffin accumulations 
from (1) Pumping wells, without pulling rods 
or running any form of paraffin knife; (2) 
Flowing wells, without opening wells to run 
paraffin knife; (3) Flow lines and lead lines; 


FOR CHEMICAL REMOVAL 
OF PARAFFIN SOLVENTS 


(4) Tank bottoms, without loss of oil or para- 
ffin; (5) Face of pay, increasing production 
in old wells; and (6) Gas wells which are pro- 
ducing small quantities of oil. Dowell solvents 
are also used to remove stuck packers and to 


prepare wells for swabbing. 


Because varying types of paraffin deposits and 
well conditions require different treating pro- 
cedures, numerous practical and economical 
methods of solvent application have been de- 
veloped and recorded. In a large part the 
operators themselves are responsible for de- 
veloping the various methods of application. 
Much data, taken from operators’ experience 
in all parts of the United States, Canada and 
Mexico, have been compiled by Dowell and 
are available to everyone seeking the solution 
to a paraffin problem. For detailed informa- 
tion, gathered in your particular area, phone 
your local Dowell representative or write 
Dowell Incorporated, K dy Bldg., Tulsa, 
Oklahoma. 


DOWELL INCORPORATED 


Executive Office: Midland, Michigan 


General Office: Kennedy Bidg., Tulsa, Oklahoma 


Subsidiary of The Dow Chemical Company 


OIL AND GAS WELL CHEMICAL SERVICE 


Werhing with you for America! 
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BULLETIN 
of the 
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PETROLEUM GEOLOGISTS 


OCTOBER, 1941 


CEMENTING MATERIALS IN SANDSTONES AND 
THEIR PROBABLE INFLUENCE ON MIGRATION 
AND ACCUMULATION OF OIL AND GAS! 


Ww. A. WALDSCHMIDT? 
Golden, Colorado 


ABSTRACT 


Detailed petrographic studies of sandstone cores from productive and non-produc- 
tive structures in the Rocky Mountain region were made to determine not only the 
physical characteristics of the sandstones but also the nature and distribution of the 
cementing materials. The sandstones have been divided into two general groups on the 
basis of the cementing or binding materials: first, those in which the grains are bound 
together by argillaceous materials; and second, those in which crystalline minerals 
form the cement or bond. In the first group, effects of mechanical compaction were 
noted. In the second group, sequence of deposition of cementing minerals was observed. 
The deposition of quartz, dolomite, and anhydrite, in the order given, is common in 
some sandstones. In others, quartz and calcite are the only cementing minerals, and of 
these, calcite is the last mineral deposited. Other combinations of these four minerals 
were observed. Furthermore, sequence of deposition of the same minerals has been 
established tentatively for the geologic section from the Bell sandstone which is the 
basal member of the Minnelusa formation (Pennsylvanian) upward through the Mesa- 
verde (Upper Cretaceous) sandstone. 

Also presented are some probable effects of crystalline cementing minerals upon 
pressures existing in oil and gas fields, the probable control exercised by these mineral 
precipitates upon the movement of fluids in reservoir rocks between areas of cementa- 
tion and pressure relief, and the relationship of this fluid movement to the migration 
and accumulation of oil and gas. 


INTRODUCTION 


During the early part of 1938, John G. Bartram of the Stanolind 
Oil and Gas Company requested the writer to make petrographic 
examinations of sandstones from several structures drilled in the 
Rocky Mountain region, and to compare the different types of cement- 
ing materials found in productive and non-productive formations. 
Following the study of thin sections of seventeen core samples, various 

1 Presented before the Association at Houston, April 3, 1941, under the title, ““Re- 


sults of Petrographic Studies of Sandstone Cores from Rocky Mountain Structures.” 
Manuscript received, April 11, 1941. 


2 Colorado School of Mines. 
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FOR CHEMICAL REMOVAL 


OF PARAFFIN SOLVENTS 


Years of patient research and development 
work are responsible for the efficiency and 
economy of the Dowell line of Paraffin Sol- 
vents. The advantages they bring to the in- 
dustry have made many mechanical methods 
obsolete. 


There are five solvents in the Dowell line. They 
are identified as RED, ORANGE, PURPLE, 
GREEN and BLUE. Each is designed for a 
specific area or specific type of paraffin. Each 
solvent is a concentrated chemical designed 
to be diluted, at the well, with gasoline or 
naphtha as the carrying agent. 


Dowell Solvents meet an extensive list of diffi- 
cult production problems. They may be used 
successfully to remove paraffin accumulations 
from (1) Pumping wells, without pulling rods 
or running any form of paraffin knife; (2) 
Flowing wells, without opening wells to run 
paraffin knife; (3) Flow lines and lead lines; 


(4) Tank bottoms, without loss of oil or para- 
ffin; (5) Face of pay, increasing production 
in old wells; and (6) Gas wells which are pro- 
ducing small quantities of oil. Dowell solvents 
are also used to remove stuck packers and to 


prepare wells for swabbing. 


Because varying types of paraffin deposits and 
well conditions require different treating pro- 
cedures, numerous practical and economical 
methods of solvent application have been de- 
veloped and recorded. In a large part the 


tors th Ives are responsible for de- 


of app 


veloping the various 
Much data, taken from operators’ experience 
in all parts of the United States, Canada and 
Mexico, have been compiled by Dowell and 
are available to everyone seeking the solution 
to a paraffin problem. For detailed informa- 
tion, gathered in your particular area, phone 
your local Dowell representative or write 
Dowell Incorporated, Kennedy Bldg., Tulsa, 
Oklahoma. 


DOWELL INCORPORATED 


Executive Office: Midland, Michigan 


General Office: Kennedy Bidg., Tulsa, Oklahoma 


Subsidiary of The Dow Chemical Company 


OIL AND GAS WELL CHEMICAL SERVICE 


Werhing with you for America! 
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ABSTRACT 


Detailed petrographic studies of sandstone cores from productive and non-produc- 
tive structures in the Rocky Mountain region were made to determine not only the 
physical characteristics of the sandstones but also the nature and distribution of the 
cementing materials. The sandstones have been divided into two general groups on the 
basis of the cementing or binding materials: first, those in which the grains are bound 
together by argillaceous materials; and second, those in which crystalline minerals 
form the cement or bond. In the first group, effects of mechanical compaction were 
noted. In the second group, sequence of deposition of cementing minerals was observed. 
The deposition of quartz, dolomite, and anhydrite, in the order given, is common in 
some sandstones. In others, quartz and calcite are the only cementing minerals, and of 
these, calcite is the last mineral deposited. Other combinations of these four minerals 
were observed. Furthermore, sequence of deposition of the same minerals has been 
established tentatively for the geologic section from the Bell sandstone which is the 
basal member of the Minnelusa formation (Pennsylvanian) upward through the Mesa- 
verde (Upper Cretaceous) sandstone. 

Also presented are some probable effects of crystalline cementing minerals upon 
pressures existing in oil and gas fields, the probable control exercised by these mineral 
precipitates upon the movement of fluids in reservoir rocks between areas of cementa- 
tion and pressure relief, and the relationship of this fluid movement to the migration 
and accumulation of oil and gas. 


INTRODUCTION 


During the early part of 1938, John G. Bartram of the Stanolind 
Oil and Gas Company requested the writer to make petrographic 
examinations of sandstones from several structures drilled in the 
Rocky Mountain region, and to compare the different types of cement- 
ing materials found in productive and non-productive formations. 
Following the study of thin sections of seventeen core samples, various 

1 Presented before the Association at Houston, April 3, 1941, under the title, ““Re- 


sults of Petrographic Studies of Sandstone Cores from Rocky Mountain Structures.” 
Manuscript received, April 11, 1941. 


2 Colorado School of Mines. 
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circumstances made it necessary to discontinue the work. However, 
because of several interesting features observed in the first seventeen 
cores, the writer believed that a more extensive petrographic examina- 
tion of sandstones should be undertaken, not only to study the char- 
acteristics, distribution, and sequence of deposition of the cementing 
materials, but also to relate the possible effects of cementation to 
migration and accumulation of oil and gas. Furthermore, it was be- 
lieved by the writer that a detailed study of cementing materials in 
sandstones might also explain some of the erratic results of well acidiz- 
ing. With these points in view, it was possible to obtain both materials 
and financial assistance from several organizations, and to continue 
the investigation. 

The data described and discussed in this paper were obtained from 
the study of 111 thin sections or cores representative of sixteen sand- 
stone horizons ranging from the Bell sandstone member of the Min- 
nelusa formation (Pennsylvanian) to the Mesaverde sandstone (Upper 
Cretaceous). Other studies of the same cores included porosity determi- 
nations, soaking tests, and staining tests. Obviously, the conclusions 
that may be drawn from a study of only 111 cores from widely sepa- 
rated structures can not be far-reaching, but the writer sincerely be- 
lieves that the facts, conclusions, and postulations in this paper may 
have an important bearing on theories of oil and gas migration and 
accumulation, and may encourage others to undertake similar studies. 

The thin sections examined were made from fragments cut at ap- 
proximately right angles to the bedding of the sandstone. All frag- 
ments too friable for thin-section preparation, were first impregnated 
with canada balsam. 

The most important observations made during this investigation 
include: (1) two general groups of cementing materials of sandstones, 
namely: argillaceous materials, and minerals crystallized from solution; 
(2) effects of mechanical compaction on sandstones with argillaceous 
binding material; (3) sequence of deposition of crystalline minerals 
and their effect on porosity and permeability; (4) variation of crystal- 
line minerals as cementing materials throughout the geologic column; 
and (5) compaction of sandstones as a result of grain interlocking 
when silica is dissolved from the grains at points of contact. Details 
of these observations are stated in subsequent parts of this paper. 

Theories of probable relationships of crystalline mineral cements to 
migration and accumulation of oil and gas, and to oil-field pressures, 
as presented in this paper, are based on the results of this investiga- 
tion. The writer emphasizes that these theoretical views are intended 
to supplement and modify but not to refute other tenable theories. 
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Further studies of mineral cements are being made, and the writer 
now has a paper in progress on a theory of “Directional Movement of 
Fluids in Reservoir Rocks.”’ This paper postulates the combined in- 
fluence of cementing materials and areas of pressure relief in control- 
ling the directions of fluid movement within sandstones and other 
reservoir rocks, and relates the controlled fluid movement to the mi- 
gration and accumulation of oil and gas. 

In the furtherance of this investigation core samples were furnished 
by The Ohio Oil Company, The Texas Company, The Stanolind Oil 
and Gas Company, and The California Company. Expenses incurred 
in connection with the problem have been paid by The Ohio Oil 
Company, the Colorado School of Mines, and the research committee 
of the American Association of Petroleum Geologists. The writer 
acknowledges all of this assistance and expresses his appreciation. 


CORE SAMPLES EXAMINED 


The general characteristics of the cores from the Bell sandstone 
member of the Minnelusa formation (Pennsylvanian) to the Mesa- 
verde sandstone (Upper Cretaceous) are described in the following 
pages. Preceding the descriptions are tabulations of data pertaining 
to each core sample examined. The names of the sandstones which 
head the tabulations are those used by the oil companies to designate 
the members or horizons from which they obtained the core samples 
described in this paper. Some of the sandstones, though equivalent 
in age, are described under separate headings; however, the structures 
from which the cores were obtained are so widely separated that a 
detailed correlation of the sandstones would be beyond the scope of 
this paper. The generalized correlation chart on page 1840 has therefore 
been included to show the relationships of the differently named sand- 
stones which have been examined and described. R. B. Patrick, a 
senior student at the Colorado School of Mines, used Melcher’s method 
in determining all of the listed porosities. 


BELL SANDSTONE 
BasAL MEMBER OF MINNELUSA FORMATION—PENNSYLVANIAN 


i it: 
Structure | State Lease | S. | | R. | Cent) 

ssW | Lance Creek | Wyo. 10 | T. Bell 5,776-5,936| 7.46 

77W | Lance Creek | Wyo. 2 | Taylor 3 | 35N | 65W r 10.45 


Sample No. 77W is slightly oil-saturated. 


Only two cores from the Bell sandstone were available for study 
and the position of these within the formation is unknown. The dif- 
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ferences between the two samples indicate that they are from un- 
related horizons. Color shades of both samples vary from pink to red. 
Sample No. 55W is well stratified, but sample No. 77W is only poorly 
stratified. Quartz is the dominant grain-forming mineral. The majority 
of the grains in No. 55W are relatively fine, but some have a maximum 
diameter of 0.6 mm. Well interlocked grains, such as shown in Plate 
I, A, are common. Clay as a binding material is not abundant. Second- 
ary quartz forms a partial cement and much of it is well faceted 
crystals. Minute blades of sericite, probably an alteration product 
of the clay, occur between many of the quartz grains. In sample No. 
77W the grains are variable in size (o.5 mm. max.), are relatively well 
rounded, and show only a slight degree of interlocking. One of the out- 
standing features of this sample is the brownish red binding material 
which has been identified as ferruginous clay. 


SECOND LEO (JOSS) SANDSTONE 
MEMBER OF MINNELUSA FORMATION—PENNSYLVANIAN 


Structure | State Lease | S. | | R. 
s6W | Lance Creek | Wyo. | B-8 | Schuricht | | | 5,244-5,275| 5-87 


Only one core from the second Leo sandstone was available for 
examination. Its position in the formation was not given; therefore, 
for this paper, it has been assumed to be representative of sandstone 
from 5,244 to 5,275 feet. 

The sample is composed of angular quartz grains and fine granu- 
lated dolomite. All of the quartz grains which are angular and rela- 
tively uniform in size (0.1 mm.), are well separated by small masses 
and bands of dolomite in which the individual crystals are from 0.016 
to 0.032 mm. in diameter (PI. I, B). The irregular outlines of the quartz 
grains suggest that they were at one time interlocked, and that they 
were subsequently separated from each other by the forces of dolomite 
crystallization. 

A few grains of anhydrite are present in this sandstone, but they 
are widely separated. The anhydrite grains include a few minute 
crystals of dolomite, indicating that it was precipitated from solution 
later than the dolomite. 

Accessory minerals are rare in this sample, and only a few grains 
of tourmaline, microcline, and plagioclase feldspar were identified. 

Quartz is the dominant grain-forming mineral in the Leo sand- 
stone. The grains range in diameter from 0.06 mm. to 0.40 mm., and 
though these sizes were observed in nearly every sample, the greatest 
number of fine grains were in samples No. 54W and No. 76W. In some 
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LEO SANDSTONE 
MEMBER OF MINNELUSA FORMATION—PENNSYLVANIAN 


le | Structure | State ong Lease R. 
6r1W | Lance Creek | Wyo. 6 | Rohlff 32 | 36N | 65W 5,575 3.67 
75W | Lance Creek | Wyo. 6 Rohl ff 32 | 36N | 65W 5,580 11.78 
54W | Lance Creek | Wyo. 8 | Rohlff 32 | 36N | 65W 5,160 9.91 
79W | Lance Creek | Wyo. 4 | Cash 4 | 35N | 65W 5,4) 9.33 
80W Lance Creek Wyo. 10 C. Putnam 4 30N | 65W 5,420 5.89 
76W Lance Creek Wyo. 6 Rohl ff 32 36N | 65W 5,723 16.94 
78W Lance Creek Wyo. 13 C. Putnam 4 | 36N | 65W 5,415 2.91 


Sample 76W, marked ‘Second Leo,” and sample 78W, marked “Second Leo lime,” are both slightly 
oil-saturated. 


cores, especially in Nos. 61W and 75W, the finer and coarser grains 
are interbedded. Interlocking of quartz grains is most evident in sample 
No. 54W, is least evident in sample No. 79W, and may also be ob- 
served in parts of the other samples. 

The accessory minerals identified in the Leo sandstone members of 
the Minnelusa formation include orthoclase, microcline, plagioclase, 
zircon, biotite, chert, and tourmaline. All of these were not observed 
in any one thin section. 

One of the most important characteristics of the Leo sandstone 
is the presence of numerous dolomite rhombohedrons between the 
sand grains and as a filling in the original voids (Pl. II, A). These 
rhombohedrons are extremely small (.016 to 0.08 mm.), and are pres- 
ent in all samples except No. 76W, in which the dolomite occurs as 
rhombs and anhedral grains approximately the same size as the quartz 
grains. Anhydrite, though not equally abundant in all samples, is the 
next important cementing material. Although not as abundant as the 
dolomite, the anhydrite is an important mineral because its distribu- 
tion indicates that it was the last mineral deposited within the voids 
remaining after deposition of the dolomite. This may be observed 
especially in samples Nos. 61W and 75W. In these samples, the voids 
in the bands of fine sand grains are nearly all filled with dolomite, 
whereas the voids in the adjacent bands of coarser grains are filled 
with dolomite and anhydrite. These relationships will be discussed 
further under ‘‘Cementing Materials.” 

Sample No. 78W, which was designated as “Second Leo lime,”’ is 
dolomitic instead of calcitic in composition. It consists of an aggregate 
of dolomite rhombohedrons, most of which are from 0.048 mm. to 
0.08 mm. between the rhombohedron faces. Unevenly distributed 
through the dolomite are a few grains of quartz and chalcedony. It is 
possible that the calcium content of this sample is higher than it is in 
some dolomites because slight effervescence is obtained with the ap- 
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plication of cold dilute hydrocholoric acid. A peculiar shade of green 
stain, obtained when the sample is treated with copper nitrate, also 
suggests that the calcium content of the sample is higher than that of 
normal dolomite. 
CONVERSE SANDSTONE 
MEMBER OF MINNELUSA FORMATION—PENNSYLVANIAN 


Depth in 


Porosity 
| | R. | Feet 


(Per Cent) 


| |4,6r5-4,625| 13.55 


Structure State Lease 


57W | Lance Creek | Wyo. | A-6 | Schuricht | 


Only one sample of the Converse sandstone was available for 
examination, and inasmuch as its position within the formation was 
not known, the sample is assumed to be representative of the ten feet 
of section from 4,615 to 4,625 feet. 

Quartz is the dominant mineral, and is present as angular to 
slightly rounded grains of variable size. The diameter of most of the 
grains ranges from 0.10 to 0.24 mm. Interlocking of the quartz grains, 
which is extremely well developed in the sandstone, is apparently the 
result of solution of silica at points of grain contact and of secondary 
quartz deposition. The accessory mineral grains, microcline and 
plagioclase feldspar, are few in number and are unevenly distributed 
throughout the rock. 

Both anhydrite and dolomite are present, but the amount of each 
is small, and their distribution is irregular. The anhydrite occurs as 
small patches in areas of fine sand grains and in areas of coarse sand 
grains. These patches are evident both in the thin section and in freshly 
cut faces of the core. Dolomite is less abundant than anhydrite and 
occurs as minute grains which form aggregates approximately the 
same size as the sand grains. Sections of the Converse sandstone are 
illustrated in Plate I, C and D. 


TENSLEEP SANDSTONE 


PENNSYLVANIAN 
Structure | State Lease | S. | ( Per Cent) 

13W_ | Salt Creek Wyo. | 8TP SE26 | 40N | 790W 3,992 18.70 
14W Salt Creek Wyo. | 8TP SE26 | 40N | 790W 4,039 10.89 

41W | Big Medicine 
Bow 3 Kyle 7,016 9.80 

42W | Big Medicine 
ow 3 Kyle 7,025 15.62 

43W | Big Medicine 
Bow Wyo. 8 Kyle 1,474 19.50 


Nos. 13W and 14W were labeled “'Tensleep”; Nos. 41W and 42W were labeled ‘‘Tensleep (uppermost 
Casper)”; and No. 43W was labeled “lower Tensleep or upper Amsden (middle Casper formation).” 
Sample Nos. 13W and 14W are oil-saturated. 
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In general, the characteristics of the Tensleep sandstone, repre- 
sented by five core samples from the Salt Creek and Big Medicine 
Bow fields, Wyoming, are similar to the characteristics of the Leo 
sandstone from Lance Creek, Wyoming. The core from the upper 
part of the Tensleep in Salt Creek (No. 13W) consists essentially of 
angular to rounded quartz grains which vary in diameter from 0.09 
mm. to 0.26 mm. Throughout the rock most of the sand grains are 
evenly separated from each other by minute rhombohedrons of dolo- 
mite which have an average diameter of 0.016 mm. (PI. II, B). The 
sandstone from the lower part of the Tensleep (sample No. 14W) in 
the same well differs only slightly from the sandstone in the upper 
part. In sample No. 14W the sand grains are more variable in size and 
the amount of dolomite present is greater (Pl. II, C). The dolomite 
rhombohedrons in both samples are approximately the same size but 
in the lower part of the Tensleep they occur as individual rhombs and 
as aggregates. Secondary quartz and interlocked grains are present 
in both cores from the Tensleep sandstones in Salt Creek. 

The Tensleep sandstone samples (Nos. 41W, 42W, and 43W) from 
the Big Medicine Bow field, Carbon County, Wyoming, differ from 
the Tensleep sandstones in the Salt Creek field, Natrona County, 
Wyoming, in that the sand grains are slightly more angular, interlock- 
ing of sand grains is more pronounced, the dolomite rhombohedrons 
are variable in size and have a maximum diameter of 0.08 mm., there 
is less continuity between the dolomite grains, and in that small 
amounts of anhydrite are present. 

In the Tensleep sandstone from Salt Creek, the deposition of 
secondary quartz was followed by the deposition of dolomite. The 
Tensleep in the Big Medicine Bow field shows the same sequence of 
mineral deposition, and also shows that anhydrite was precipitated 
subsequent to the formation of the dolomite. 

In the sections containing all three of the cementing materials 
only quartz and dolomite are present in the bands of fine sand grains, 
but quartz, dolomite, and anhydrite are in the bands of coarser sand 
grains. The distribution of the last two named minerals is shown in 
Plate II, D. 

The samples of Sundance sandstones from three wells in the Iles 
field, Moffat County, Colorado, vary considerably in texture. Sample 
No. 15W (depth, 3,347 feet, well 35Sd) is made up of relatively uni- 
form-sized grains (0.26 mm. max.). The grains are closely interlocked 
throughout most of the section examined, but many groups of inter- 
locked grains are separated from each other by minute grains of calcite. 
In addition to the minute calcite grains, other calcite grains approxi- 
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SUNDANCE SANDSTONE 


JuRASSIC 
ad Structure | State Lease | S. | | R. (ber 
15W | Iles Colo. | 35Sd 22 4N | 82W 35347 4.01 
16W | Iles Colo. | 35Sd 22 4N | 82W 3,308 2.80 
17W Iles Colo. | 35Sd 22 4N | 82W 3,376 22.23 
51W Iles Colo. | 35Sd | Parkinson 3,375 14.71 
48W | Iles Colo. 5Sd 3,31 II.90 
50W | Illes Colo. | 16Sd | Shaw 3,357 2.31 
52W | Lance Creek | Wyo. | A-4 | Schuricht 3,950 20.94 
53W | Lance Creek | Wyo. | A-4 | Schuricht 3,950 17.93 
65W | Nieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 92W 8,574 1.00 
ooW | Nieber Dome | Wyo. 8,535 6.71 
100oW | Nieber Dome | Wyo. 8,539 12.30 
47W | Quealy Wyo. : Holst-Woolf 4,051 24.92 
66W | Lance Creek | Wyo. 4 | Rohlff | 32 | 36N | 65W 3,850 6.71 
40oW | Big Medicine 
Bow Wyo. 4 Kyle 5,419 12.60 
togoW | Salt Creek Wyo. | 8TP NW3s| 40N | 79W |2,717-2,718) 4.48 
1o8W_ | Salt Creek Wyo. | 26TP SW36| 40N | 79W |2,764-2.765 9.26 
110W | Salt Creek Wyo. | 26TP SW36| | 79W |2,926-2,927| 15.31 
1rrW_ | Salt Creek Wyo. | 26TP SW36| 40oN | 79W 2,944 17.57 
67W | Lance Creek | Wyo. 4 Rohlff 32 | 36N | 65W 3,955 15.51 
72W Lance Creek | Wyo. 6 Rohl ff 32 360N | 65W 3,810 10.66 
73W Lance Creek Wyo. 6 Rohlff 32 30N | 65W 4,280 19.15 
74W | Lance Creek | Wyo. 6 | Rohlff 32 | 36N | 65W 4,300 23.35 


Notations with these samples when received were as follows. 
“Sundance”: Samples 15W, 16W, 17W, 51W, 48W, soW, 52W, 53W, 65W. 
“Top Sundance”: Samples 99W, 100oW, 47W. 
“rst Sundance”: Sample 66W. 
“ond Sundance”: Samples 4oW, 1ogW, 108W. 
“3rd Sundance’’: Samples 110W, 111W. 
“Basal Sundance”: Samples 67W, 72W, 73W, 74W. 
Samples Nos. 17W, 51W, 48W, 110W, 111W, and 67W are slightly oil-saturated. 


mately equal in size to the sand grains are unevenly distributed 
throughout the rock. Also present are a few small aggregates of minute 
calcite particles that may have resulted from the recrystallization of 
calcium carbonate within fragments of highly calcareous shale. Sample 
No. 16W, from a depth of 3,368 feet, in the same well, contains a 
greater amount of calcite. Throughout the thin sections the calcite is 
uniformly deposited between angular and rounded sand grains of 
variable size, and nearly all of the calcite grains are in contact with 
each other. In general, the sand grains are larger and rounder than 
the grains higher in the section. Lower in the formation (sample No. 
17W, depth 3,376 feet), the sand grains are angular to round, are of 
variable size, 0.08 mm. to 0.26 mm., and show practically no inter- 
locking. Calcite is rare and the few small grains that are present are 
unevenly distributed. Sample No. 48W, from a depth of 3,316 feet, 
in well 5Sd, has essentially the same characteristics as sample No. 
15W from well No. 35Sd. In it the sand grains are small, angular, and 
in part they are well interlocked. Minute grains of calcite separate 
slightly both interlocked groups of quartz grains and individual quartz 
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grains. Sample No. 50W (PI. III, C), from a depth of 3,357 feet in well 
No. 16Sd, is comparable to sample No. 16W from 3,368 feet in well 
No. 35Sd. 

The Sundance samples from the Salt Creek field in Wyoming are 
from the 2d and 3d sandstone horizons. Sample No. 109W, from the 
2d Sundance in well 8TP, is extremely fine textured and consists es- 
sentially of angular quartz grains which have an average diameter of 
0.015 mm. The quartz grains are spaced far enough apart to permit 
the fine angular calcite particles to form a continuous mass. Another 
sample, No. 108W, from the 2d Sundance but from well 26TP, consists 
of angular to sub-round quartz grains which have a maximum diame- 
ter of 0.16 mm. Both calcite and anhydrite are present in this sample, 
but their distribution is very irregular. 

The 3d Sundance samples (Nos. r10W and 111W), from well No. 
26TP in Salt Creek, Wyoming, are similar except for the cementing 
minerals. Both samples are saturated with oil. The quartz grains are 
variable in size, angular to round, and in some areas are interlocked. 
Most of the angular grains are o.1 mm., or slightly less, in diameter, 
but the larger rounded grains have a maximum diameter of 0.4 mm. 
Anhydrite is relatively abundant in sample No. 110W (PI. III, D), 
but is present only in small amount in sample No. 111W. Calcite, 
however, is most abundant in No. 110W, and least abundant in No. 

In the Lance Creek field, Niobrara County, Wyoming, the Sun- 
dance samples examined were from three wells. Two core samples, 
Nos. 52W and 53W, from the Schuricht well No. A-4, were designated 
only as Sundance, and the same depth, 3,950 feet, was given for both. 
In these cores the sand grains are relatively uniform in size (0.16 mm. 
average), and are angular to slightly rounded in outline. Interlocking 
of the grains is not common. Calcite grains, approximately the same 
size as the sand grains, are unevenly distributed throughout the rock. 

Samples Nos. 66W and 67W, from the Rohlff well No. 4, were 
designated as 1st Sundance and basal Sundance respectively. The 
first, from a depth of 3,850 feet, is made up of angular to partially 
rounded grains of approximately the same size (0.08 to 0.11 mm.). 
Calcite is abundant but only a few of the grains are large. Most of the 
calcite occurs as aggregates of minute particles or as grains of similar 
size, in rows between the grains. The sand grains in the basal Sundance 
in this well are similar in size and shape to those in the sandstone just 
described, but calcite is not abundant. In this sample the calcite 
grains are approximately the same size as the grains that compose 
the sandstone. 
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The three samples, Nos. 72W, 73W, and 74W, obtained from the 
Rohlff well No. 6, ranged in depth from 3,810 to 4,300 feet. All of 
these were designated as basal Sundance. The shallowest one, depth 
3,810 feet, is relatively fine-grained and the grains are separated only 
a very short distance by the intervening calcite. Interlocking of the 
grains is not well developed in the sample, and only a little secondary 
quartz has been deposited. Calcite occurs as thread-like stringers be- 
tween the sand grains, as small rhombs, and as crystalline masses 
which approach the size of the sand grains. Banding in this sample is 
indicated by the presence of a brownish clay. The next sample, from 
4,290 feet, has characteristics very similar to those of the one just 
described. Interlocking of the quartz grains is not at all prominent, 
and the calcite cement occurs as minute rhombs which separate the 
sand grains only slightly. The size of the small rhombs varies from 
0.0038 to 0.009 mm. At 4,300 feet, the sandstone is fine and has the 
same kind of cementing materials similarly distributed. 

In Nieber Dome, Washakie County, Wyoming, the range of depth 
of the Sundance sand is from 8,535 to 8,574 feet. The shallowest of 
these (PI. III, B) is an extremely fine sandstone in which the grains 
are angular and only slightly interlocked. Calcite cement is uniformly 
distributed, is continuous throughout the section, and most of it is 
extremely fine and granular. Muscovite grains within the section indi- 
cate, because of their distortion, that the sand was subjected to some 
pressure. The calcite has a distinct clayey appearance. In addition, 
the presence of glauconite in the section is of interest. At a depth of 
8,539 feet, the sandstone is slightly coarser; the calcite cement is also 
coarser, but is still continuous throughout the sand. The sample from 
8,574 feet is similar to the other two, but the grains are more variable 
in size. Glauconite is more abundant and the calcite is both fine and 
coarse. 

At a depth of 4,051 feet, in the Quealy Dome, Albany County, 
Wyoming, the sandstone sample, No. 47W, from the Sundance forma- 
tion, has characteristics similar to the Sundance from the other fields, 
except Nieber Dome. The sand grains are relatively uniform in size, 
angular to sub-round, partly interlocked, and are separated in part 
by calcite which is both coarse and fine granular. The calcite grains 
are unevenly distributed, are about the same size as the quartz grains, 
and are not continuous through the section. Siliceous clay or chert is 
relatively abundant throughout the Sundance sandstones studied. 

The Morrison sandstone sample from Beaver Creek, Fremont 
County, Wyoming, consists essentially of quartz grains which are 
angular to rounded in outline, and which range in diameter from 0.08 
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MORRISON SANDSTONE 


JURASSIC 
Structure State Lease | S. | | R. | Cont) 

7W | Beaver Creek | Wyo. t | Johnson 3 | 33N | 96W 8,255 II.10 
63W Nieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 92W 8,460 1.93 
64W Nieber Dome | Wyo. I .E.Struthers} 19 | 45N | 92W 8,465 3.74 
96W | Nieber Dome | Wyo. J.E.Struthers} 19 | 45N | 92W 8,460 8.04 
97W | Nieber Dome | Wyo. J.E.Struthers} 19 | 45N | 92W 8,470 7.68 
o8W Nieber Dome | Wyo. jJ.E.Struthers} 19 | 45N | 92W 8,480 3-42 

39W | Cisco Utah Outcrop sam- 
ple 3-95 


to o.52 mm. Interlocking of the quartz grains is not very pronounced, 
but some evidence of it is illustrated in Plate IV, A. Calcite is sparingly 
and unevenly distributed through the rock, but wherever it has been 
deposited it definitely separates the sand grains from each other. Sec- 
ondary quartz is relatively abundant. 

Sand grains in the Morrison sandstone cores from Nieber Dome, 
Wyoming, are relatively uniform in size, the larger ones averaging 
about o.20 mm. in diameter. Throughout the sandstone secondary 
quartz crystals are abundant, and in many parts of the section the 
quartz grains are well interlocked. Calcite is present in sufficient 
quantity to permit classification of the cores as calcareous sandstones. 
In samples Nos. 96W and 97W calcite grains, approximately the same 
size as the sand grains, are uniformly distributed, but they are ap- 
parently not in contact with each other. In sample No. 98W, the 
lowest sample of Morrison sandstone obtained from Nieber Dome, 
calcite grains are present in sufficient quantity to form a continuous 
mass throughout the sandstones. Furthermore, relatively large frag- 
ments of calcareous shale are present. Sand grains appear to have 
been forced into these shale fragments, as illustrated in Plate IV, B. 
The partial imbedding of sand grains in shale fragments is probably 
the result of existing pressures and of recrystallization of the calcite 
contained within the shale. 

The Morrison sample from an outcrop near Cisco, Utah, is exceed- 
ingly calcareous, and the sand grains appear to be floating within a 
mass of calcite. The photomicrograph (Pl. IV, C) and the sketch (PI. 
X, Fig. 1) illustrate the distribution of sand grains within the calcite 
mass. In this sample the sand grains are slightly smaller than those in 
the Morrison sandstone just described. Their general outlines, oc- 
casional interlocking grains, and a moderate amount of secondary 
quartz, suggest that the sand grains were separated from each other 
by the forces of calcite crystal growth. Precipitation of the large 
amount of calcite in the outcrop sample may have resulted from ming- 
ling of meteoric water with water contained within the sandstone. 
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LAKOTA SANDSTONE 


CRETACEOUS 
— Me Structure | State | Lease | 5. | | R. | on ) 
46W md Wyo. I Holst-Woolf 3,966 17.88 
62W ieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 82W 8,365 6.70 
69W | Lance Creek | Wyo. 6 | Roh 32 30N | 65W 3,688 12.71 
7oW | Lance Creek | Wyo. 6 Rohlff 32 30N | 65W 3,715 23.18 
71W | Lance Creek | Wyo. 6 | Rohlff 32 | 36N | 65W 3,751 16.50 


” 


Sample 62W, marked “Lakota,” is from same well and depth as Sample 95W, marked ‘Basal Cloverly. 


The Lakota sandstone from Nieber Dome, Washakie County, 
Wyoming, consists of variable-sized quartz grains (0.06 to 0.20 mm.) 
which are distributed in such a manner as to give the rock a conglom- 
erated appearance. The larger grains are fairly well rounded, but 
most of the small grains are angular. Chert and feldspar grains are 
relatively abundant. The feldspars are highly altered to kaolin and 
have apparently been replaced, to some extent, by silica. A small 
amount of argillaceous material is also present in the sample. 

Sample No. 69W, the shallowest of the three Lakota samples from 
Lance Creek, Niobrara County, Wyoming, consists of angular grains 
whose average diameter is 0.16 mm. Interlocking of quartz grains is 
common and recrystallized quartz crystals are present in moderate 
amounts. Chalcedonic quartz and chert grains are also present in the 
sample. The sandstone contains minor amounts of microcline, zircon, 
biotite, and tourmaline. Samples Nos. 70W and 71W, from the same 
well in Lance Creek, Wyoming, consist of variable-sized grains which 
have a maximum diameter of 0.50 mm. The larger grains are rounded, 
whereas the smaller grains are angular. Difference in grain size gives 
rise to slight stratification. 


DAKOTA (CLOVERLY) SANDSTONE 


CRETACEOUS 
Structure | State Lease | S. | fT. R. | Cent) 

6W | Beaver Creek | Wyo. I seg 3 | 33N | 96W 8,634 4-14 
44W | Quealy Dome | Wyo. I olst-Woolf 3,600 13.51 
45W | Quealy Dome | Wyo. I Holst-Woolf 3,650 19.42 
60W | Nieber Dome | Wyo. 1 | J.E.Struthers}| 19 | 45N | 92W 8,304 7.04 
68W | Lance Creek | Wyo. 2 Rohl ff 32 30N | 65W 3,170 18.81 
101W Elk Basin Wyo. 26 Elk 2 2,405 20.32 
10o2W | Elk Basin Wyo. | 26 | Elk2 2,480 23-44 
103W_ | Elk Basin Wyo. 26 | Elk2 2,645 21.22 
49W | Iles Colo. | 14Sd 2,678 13.07 


Sample No. 45W, marked “‘Lower Dakota.’”’ Sample No. 6oW is within same range as sample 94W; marked 
“Cloverly.” Nos. 45W and 46W are slightly oil-saturated; No. 49W is highly oil-saturated. 


The Dakota sandstone, sample No. 6W, from Beaver Creek, 
Fremont County, Wyoming, is very fine and compact (Pl. VI, A). 
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Quartz is the dominant grain-forming mineral; the grains are angular, 
relatively uniform in size, and have an average diameter of 0.04 mm. 
In addition to quartz, the rock contains moderate amounts of argil- 
laceous material and minor amounts of chlorite, tourmaline, zircon, 
and calcite. Interlocking of quartz grains is a characteristic feature 
of this specimen. 

Samples Nos. 44W and 45W, from Quealy Dome, Albany County, 
Wyoming, differ considerably. No. 44W consists of angular grains, 
most of which vary from o.1 to o.2 mm. in diameter. Chert is relatively 
abundant and a few grains of various feldspars, biotite, zircon, apatite, 
tourmaline, and muscovite are also present. The quartz grains are 
well interlocked, and secondary quartz crystals are abundant. Pyrite 
in small amount is unevenly distributed, and has been precipitated 
later than quartz in areas of the coarser grains. Sample No. 45W is a 
relatively coarse sandstone in which most of the grains are approxi- 
mately o.6 mm. in diameter. Rounded outlines are characteristic of 
the grains when observed in thin sections (Pl. V, D), but in the 
crushed sample, secondary quartz crystals may be observed in abun- 
dance. Throughout the sample quartz grains are interlocked, and they 
also appear to be held together by a small amount of pale brown, 
siliceous clay. Chert is present in this sample, -_ no other accessory 
minerals were observed. 

The Dakota sample, No. 60W, from Nieber Dome, Wyoming, is 
made up of grains so variable in size that it has a typical conglomeratic 
appearance. The maximum diameter of the grains is 0.60 mm. 
Quartz is the dominant grain-forming mineral, but many altered 
feldspar grains and chert grains are also present. Moderate amounts of 
secondary quartz occur in the sandstone but interlocking of the quartz 
grains is not especially evident because most of the grains are sepa- 
rated by siliceous clay and calcite. 

Only one sample of Dakota sandstone, No. 68W, was obtained 
from Lance Creek, Wyoming. In this sample the grains are variable 
in size, shape, and degree of rounding. The maximum diameter is 
0.25 mm. Interlocking of quartz grains is common and secondary 
quartz crystals are abundant. Stratification is pronounced, and many 
elongated grains have their long dimensions nearly parallel to the 
stratification (Pl. IV, D). Flakes of muscovite and biotite are sparingly 
distributed throughout the rock and nearly all are distorted. 

The Dakota samples from Elk Basin, Park County, Wyoming, 
are very similar to those already described. The maximum diameter of 
the grains is 0.4 mm. Interlocking of quartz grains is common (Pl. V, 
A and B), and secondary quartz crystals are plentiful. The accessory 
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minerals are orthoclase, muscovite, biotite, chert, zircon, and tour- 
maline. Calcite is present only in minor amounts and usually occurs 
as isolated patches, as illustrated in Plate V, C. 

The Dakota sandstone sample from Iles, Colorado, consists of 
angular grains, most of which vary between 0.20 and 0.30 mm. in 
diameter. This sample is an excellent example of an oil-saturated 
sandstone with well interlocked sand grains and abundant secondary 
quartz crystals. 


CLOVERLY (DAKOTA) SANDSTONE 


CRETACEOUS 
Sample siructure | State | Lease fom | 
903W | Nieber Dome | Wyo. I J.E.Struthers| 19 | 45N | 92W 8,250 4.32 
04W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 8,305 5.75 
95W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 8,365 4.01 


No. 93W marked ‘‘Cloverly—Rusty beds”; No. 95W marked “Basal Cloverly.” 


The samples designated as ‘‘Cloverly” have characteristics similar 
to those from the Dakota. These two formations are generally con- 
sidered to be equivalent, but because the samples received were listed 
under both names, they have been described under separate headings. 
Sample No. 94W (depth, 8,305 feet) submitted by one company, was 
labeled “‘Cloverly,” whereas sample No. 60W (depth, 8,304 feet), 
submitted by another company, was labeled ‘Dakota.’ Of the three 
samples listed, No. 93W is extremely fine-grained and contains a 
moderate amount of argillaceous material which is partly mixed and 
partly stratified with the sand grains. The accessory minerals present 
in the sand are orthoclase and plagioclase feldspars, zircon, muscovite, 
and biotite. Of these, muscovite is the most abundant. Only a few 
calcite grains are present. 

Samples Nos. 94W and 95W are similar to the Dakota sandstones. 
The grains are angular to round, and variable in size (0.05 mm. to 
0.80 mm.), but because of moderate amounts of shale in these samples, 
interlocked quartz grains and secondary quartz crystals are not 


abundant. 
MUDDY SANDSTONE 
Top MEMBER OF Dakota (CLOVERLY) GRouPp—CRETACEOUS 


Semple Seructure | stave s | | | SRB 
5W | Beaver Creek | Wyo. I Johnson 3 | 33N | 96W 7,949 6.49 


One sample from the Muddy sandstone was available for study. 
This sample is fine, compact, and argillaceous. Quartz and quartzite, 
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the dominant minerals, are present as angular to sub-round grains 
which have an average diameter of 0.09 mm. In some parts of the 
thin sections examined, the grains are tightly interlocked, but in other 
parts they are distinctly outlined by a thin film of unidentified ma- 
terial. Only a few secondary quartz crystals are present. The sand- 
stone also contains minor amounts of feldspar, mica, and calcite. 


SECOND WALL CREEK SANDSTONE 
MEMBER OF FRONTIER FORMATION—CRETACEOUS 


siructure | State | tease | s. | | | | pores, 
29W to | 
38W Inc.| Salt Creek Wyo. 
106W Salt Creek Wyo. | 26TP NW3s/| 40N | 70W 1,356 20.80 
107W Salt Creek Wyo. | 11TP SW3s/| 40N | 790W 1,454 12.05 


Well information not available for samples Nos. 29W to 38W inclusive. Samples Nos. 106W and 107W 
slightly oil-saturated. 


The thin sections of Wall Creek sandstone cores, Nos. 29W to 38W 
inclusive, were prepared several years ago fora special investigation, 
but at that time no record of depth, well number, or other pertinent 
data was sent with the samples. Because these data are not obtainable 
at this time, only the general characteristics of the thin sections are 
described. Nearly all of the samples contain some argillaceous material. 
Quartz is the dominant grain-forming mineral, but an appreciable 
amount of chert is also present. The grains are angular and most of 
them range from 0.12 mm. to 0.16 mm. in diameter. Some of the larger 
grains have a maximum diameter of 0.06 mm. and are slightly rounded. 
The contained biotite flakes are distorted as a result of compaction 
of the sandstone, and much of the biotite is altered to chlorite. Calcite 
and secondary quartz are present but only in small amounts. 

Samples Nos. 106W and 107W contain a moderate amount of 
argillaceous material. Sub-round sand grains, from o.2mm. to 0.25mm. 
in diameter, are relatively abundant, but the samples also contain 
numerous angular grains of smaller diameter. The combination of 
argillaceous material and variable-sized grains should indicate low 
porosity, yet the porosity of these sandstone samples is moderately 
high and both are slightly saturated with oil. The other physical and 
mineralogical characteristics of these samples are similar to those of 
samples Nos. 29W to 38W inclusive, previously described. 

The thin sections of samples Nos. 18W to 28W were prepared, 
like those from the Second Wall Creek sandstone, several years ago, 
for a special investigation, and no record of depth, well number, and 
other data pertaining to the samples are available at this time. In 
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Photomicrographs of sandstones from Rocky Mountain region. 
A. Interlocking of quartz grains as result of solution at points of contact. Bell sandstone; LancejCreek, 
Wyoming; well No. 10, T. Bell; depth, between 5,776 and 5,936 feet. Crossed nicols, X60; sample N#. 55W. 
B. Minute dolomite rhombohedrons between sand grains. Second Leo sandstone; Lance Creel, Wyo- 
ming; well No. B-8, Schuricht; depth, between 5,244 and 5,275 feet. Crossed nicols, X60; sample Nq. 56W. 
C. Interlocking of quartz grains as result of solution at points of contact; precipitated anhyanhe (A); 
small mass of segregated dolomite rhombohedrons (D). Converse sandstone; Lance Creek, Wyomirjg; well 
no. A-6, Schuricht; depth, between 4,615 and 4,625 feet. Crossed nicols, X60; sample No. 57W. 
D. Anhydrite (A) in area of slightly interlocked quartz grains. Same sandstone as illustrate? in C. 


Crossed nicols, X60; sample No. 57W. 
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II 
Photomicrographs of sandstones from Rocky Mountain region. 
A. Dolomite rhombohedrons between quartz grains; Leo sandstone; Lance Creek, Wyoming; well No. 
6, Rohlff; depth, 5,580 feet. Crossed nicols, X60; sample 75W. 

Dolomite rhombohedrons between quartz grains. Distribution of dolomite not as uniform as shown 
in Figure A because interlocking of quartz grains preceded deposition of dolomite. Tensleep sandstone; 
Salt Creek, Wyoming; No. 8 TP; depth, 3,992 feet. Crossed nicols, X60; sample No. 13W. 

c. Aggregates of dolomite rhombohedrons between quartz grains of variable size. ee sandstone; 
Salt Creek, Wyoming; No. 8 TP; depth, 4,039 feet. Crossed nicols, X60; sample No. 14W 

D. Anhy. drite (A) and dolomite (D) between quartz grains. Tensleep sandstone; Big Medicine Bow, 
Wyoming; well No. 3, Kyle; depth, 7,016 feet. Crossed nicols, X60; sample No. 41W. 
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Prate 
Photomicrographs of sandstones from Rocky Mountain region. 
A. Two relatively large grains of calcite (C) and numerous small calcite particles between sand grains 
Some interlocked quartz grains are evident. Basal Sundance sandstone; Lance Creek, Wyoming; well No. 6, 


Rohlff; depth, 4,290 feet. Crossed nicols; X60; sample No. 73W. 
B. Quartz grains in matrix of fine- grained calcite. Sundance sandstone; Nieber Dome, Wyoming; Ohio- 
W. 


California Company deep test; depth, 8,535 feet. Crossed nicols, X60; sample No. 9 
Calcite between quartz grains. Sundance sandstone; Iles, Colorado; well No. 16 Sd, Shaw; depth, 


S567 feet. Crossed nicols, X60; sample No. 50W 
D. Anhydrite (A) between quartz grains; Third Sundance sandstone; Salt Creek, Wyoming; well No 
26 TP; depth, 2,926 feet. Crossed nicols, X60; sample No. 110W. 
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PiaTE IV 
Photomicrographs of sandstones from Rocky Mountain region. 

A. Interlocked quartz grains of variable size. Morrison sandstone; Beaver Creek, Wyoming; well No. 1, 
Johnson; depth, 8,255 feet. Crossed nicols, X60; sample No. 7W. 

B. Sand grains forced into calcareous shale fragment. Recrystallization of calcium carbonate may also 
have caused shale fragment to adjust itself around sand grains. Morrison sandstone; Nieber Dome, Wyo- 
ming; Ohio-California deep test; depth, 8,480 feet. Crossed nicols, X60; sample No. 98W. 

C. Widely separated sand grains in calcite matrix. Morrison sandstone from outcrop near Cisco, Utah. 
Crossed nicols, X60; sample No. 39W. 

D. Interlocked quartz grains. Development of quartz crystal faces indicated by outlines of grains 1, 2, 
and 3; Dakota sandstone; Lance Creek, Wyoming; well No. 2, Rohlff; depth, 3,170 feet. Crossed nicols, 
X60; sample No. 68W. 
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PLATE V 
Photomicrographs of sandstones from Rocky Mountain region. 

A. Interlocking of quartz grains as result of solution at points of contact. Dakota sandstone; Elk Basin, 
Wyoming; well No. 26, Elk 2 Lease; depth, 2,645+ feet; Crossed nicols, X60; sample No. 103W. 

B. Interlocking of quartz grains as result of solution at points of contact. Dakota sandstone; E!k Basin, 
Wyoming; well No. 26, Elk 2 Lease; depth, 2,645+ feet; Crossed nicols, X60; sample No. ro1W. 

C. Isolated calcite mass and minute calcite between quartz grains. Dakota sandstone; Elk Basin, 
Wyoming; well No. 26; Elk 2 Lease; depth, 2,480+ feet; Crossed nicols, X60; sample No. 102W. 

D. Coarse quartz grains partially interlocked. Sample contains numerous well faceted secondary 
quartz crystals not shown in illustration. Lower Dakota sandstone; Quealy, Wyoming; well No. 1, Holst- 
Woolf. Crossed nicols, X60; sample No. 45W. 
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Pirate VI 
Photomicrographs of sandstones from Rocky Mountain region. 

A. Fine-grained calcite between groups of interlocked quartz grains. Area of each indicated by letters 
C and J, respectively. Dakota sandstone; Beaver Creek, Wyoming; well No. 1, Johnson; depth, 8,134 feet. 
Crossed nicols, X60; sample No. 6W. 

B. Distorted biotite (dark bands) in sandstone. Low relief, medium gray areas are chlorite. Frontier 
sandstone; Nieber Dome, Wyoming; well No. 1, Struthers; depth, 7,115 feet. Uncrossed nicols, X60; sample 
No. 81W. 

C. Calcite (C) between quartz and chert grains. Frontier we Beaver Creek, Wyoming; Well No. 
1, Johnson; depth, 6,895 feet. Crossed nicols, X60; sample No. 

D. Distorted biotite (B) between quartz and chert or silicified shale grains. Interlocking of quartz 
grains well illustrated in left side of photograph. Frontier sandstone; Cole Creek, Wyoming; well No. 1, 
General Petroleum Company, depth, 6,770 feet. Crossed nicols, X60; "sample No. sw. 
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Piate VII 
Photomicrographs of sandstones from Rocky Mountain region. 


A. Isolated grains of calcite in Frontier sandstone, Badger Basin, Wyoming; well Nb. 1, State; depth, 


8,435 feet. Crossed nicols, X60; sample No. 12W. 


B. Calcite (C) of single orientation between quartz and chert grains. Frontier sa¥dstone; Muskrat, 


Wyoming; well No. 2; depth, 4,270 feet. Crossed nicols, X60; sample No. 11W. 


C. Calcite (C) grains between quartz and chert grains. Nearly all calcite grains are irgcontact with each 
other. Shannon sandstone; Beaver Creek, Wyoming; well No. 1, Johnson; depth, 3,728 f#t. Crossed nicols, 


X60; sample No. 2W. 


D. Angular quartz grains in argillaceous sandstone. Some of small grains are calcite | Mesaverde sand- 
stone; Beaver Creek, Wyoming; well No. 1, Johnson; depth, 2,025 feet. Crossed nicols, X 6f}; sample No. 1W. 
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Prat_E VIII 
Diagrammatic representation of a sandstone before and after partial solution of quartz 
grains and precipitation of mineral cements. 

Fic. 1.—Arrangement of sand grains after maximum compaction without grain 
breakage. 

Fic. 2.—Interlocked sand grains resulting from solution of quartz where grains 
are in contact. Precipitated quartz (black) closing voids completely in areas of fine 
sand grains, and closing voids partially in area of coarse sand grains. Anhydrite (dotted) 
filling pore space which remained in area of coarse sand grains after precipitation of 


quartz. 
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FIRST WALL CREEK SANDSTONE 
MEMBER OF FRONTIER FORMATION—CRETACEOUS 


Structure | State Lease | S. | | R. | | Per Cet) 
18W to | 

28W Inc.| Salt Creek Wyo. 

104W_ | Salt Creek Wyo. | 8TP NW35/ 40N | 790W 1,033 14.99 
| Salt Creek Wyo. | 26TP SW26} 40N | 790W 1,062 13.22 


Well information not available for samples Nos. 18W to 28W inclusive. Sample No. 104W is slightly 
oil-saturated. 


general, the quartz and chert in these samples are angular, and they 
range in diameter between 0.12 mm. and 0.16 mm. Moderate amounts 
of argillaceous material are present. Calcite grains and secondary 
quartz crystals are unevenly distributed through the sandstones, but 
these minerals do not form as good a bond as do the argillaceous 
materials. Accessory minerals in the sandstones are feldspars, zircon, 
tourmaline, and biotite. 

Samples Nos. 104W and 105W contain appreciable amounts of 
argillaceous material. The mineralogical and physical characteristics 
of these samples are similar to those described. 


FRONTIER SANDSTONE 


CRETACEOUS 
0. 
Structure | State | Lease | S. | R. — Con) 

3W | Beaver Creek | Wyo. rt | Johnson 3 | 33N | 06W 6,805 7.69 

4W | Beaver Creek | Wyo. 1 | Johnson 3 | 33N | 96W 7,271 13.18 

8W | Cole Creek Wyo. I 2t | 35N | 77W 6,770 20.82 

oW | Cole Creek Wyo. I 2x1 | 35N | 77W 6,832 14.99 
1oW | Cole Creek Wyo. I 21 35N | 77W 7,054 10.69 
1r1W | Muskrat Wyo. 2 4 | 33N | 92W 4,270 13.01 
12W Badger Basin | Wyo. I State 16 57N |101W 8,435 9.52 
58W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,135 5.30 
81W | Nieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 92W 7,115 10.90 
82W_ | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,130 25.86 
83W | Nieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 02W 7,145 4.48 
84W Nieber Dome | Wyo. I J.E.Struthers} 19 | 45N | 92W 7,105 10.71 
85W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,190 11.71 
86W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,210 0.67 
87W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,265 13.75 
88W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,280 14.07 
89W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,290 5.42 
9oW | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,355 8.390 
59W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 02W 7,356 21.06 
o1W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,305 8.36 
92W | Nieber Dome | Wyo. 1 | J.E.Struthers} 19 | 45N | 92W 7,371 7-43 


Nos. goW, 91W, and 92W were marked ‘Basal Frontier,” but No. 597W, from the same well, was marked 
only “Frontier.” No. 1oW was marked “Stray sand in Frontier.” No. gW is slightly oil-saturated. 


Although the samples from the Frontier horizons differ consider- 
ably in physical properties and mineralogical composition, they do 
have several common characteristics. 

Most of the samples contain moderate or large amounts of argil- 
laceous material which is either between layers of sandstone or un- 
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evenly distributed throughout the rock. Many of the samples contain 
sufficient argillaceous material to permit the rocks to be classified as 
argillaceous sandstones. In these rocks the sand grains are angular, 
and are generally 0.17 mm., or less, in diameter. The largest quartz 
grains observed in the Frontier sandstones are 0.35 mm. in diameter, 
but they are associated with little argillaceous material. 

Interlocking of quartz grains, common in many of the cores ex- 
amined, is best developed in sandstones relatively free from clay or 
shale. Secondary quartz crystals are especially noticeable in sand- 
stones containing interlocked quartz grains. The photomicrographs 
(Pl. VI, D, and Pl. VII, A) illustrate interlocking of quartz grains in 
the Frontier sandstones, but they do not illustrate the secondary 
quartz crystals. i 

Accessory minerals most common in the Frontier sandstones are 
chert, glauconite, biotite, muscovite, and feldspars. The distribution 
and amount of these minerals are variable. Chert is ordinarily present 
as grains which are equivalent in size and shape to the quartz grains. 
Frequently it occurs in sufficient quantity to impart a salt-pepper 
appearance to the sandstone. Some of the sandstones contain ap- 
preciable amounts of glauconite, but others contain only a few grains 
of the mineral. Biotite grains, most abundant in the argillaceous 
sandstones, are usually distorted (Pl. VI, B and D). Muscovite is not 
as important a constituent as biotite, but when present the grains are 
distorted. Feldspar grains are common, and though of small diameter, 
they have been altered only slightly to kaolin, sericite, or calcite. 
Other accessory minerals identified include zircon, tourmaline, and 
apatite. 

The amount of calcite in Frontier sandstones is extremely variable, 
being entirely lacking in some samples and moderately abundant in 
others. When calcite is present in small amounts it is generally dis- 
tributed unevenly as isolated patches, such as illustrated in Plate 
VI, C, and in Plate VII, A. In some instances calcite forms a continu- 
ous mass between sand grains, and all of the calcite within the mass 
is of the same crystallographic orientation. A mass of calcite deposited 
in this manner is illustrated in Plate VII, B. 


SHANNON SANDSTONE 
MEMBER OF Copy FoRMATION—CRETACEOUS 


Depth in | Porosity 


| Structure | State | We Lease | S. | Zz. | R. Feet (Per Cent) 


2W Beaver Creek Wyo. | 1 Johnson | 3 | 33N | 96W| 3,728 | 7.13 


The one sarrple from the Shannon sandstone consists essentially 
of quartz and chert grains and is slightly calcareous. The grains are 
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angular to sub-round, and range in size from o.g mm. to 0.17 mm. 
Orthoclase, microcline, plagioclase feldspar, tourmaline, and zircon 
are present in minor amounts. 

Calcite, the cementing material, is uniformly distributed, and con- 
stitutes about 30 per cent of the sandstone. The calcite grains and 
sand grains are approximately equal in size (Pl. VII, C). 


MESAVERDE SANDSTONE 
APPROXIMATELY MIDDLE Part OF PIERRE FORMATION—CRETACEOUS 


Structure | State | Lease | S. T. | R. 
1W | Beaver Creek | Wyo. | 1 | Johnson | 3 | 33N | 96W | 2,025 20.18 


Only one sample from a sandstone of the Mesaverde horizon was 
available for study. It is moderately argillaceous. The quartz grains 
which make up most of the rock are angular and vary in size from 0.02 
mm. to o.17 mm. A few grains of muscovite, biotite, microcline, ortho- 
clase, and plagioclase feldspar are also present. 

Calcite occurs throughout the sandstone as small grains but it is 
not present in sufficient quantity to permit the rock to be classified 
as calcareous sandstone. Many of the calcite grains are equal in size 
to the small quartz grains; consequently, it is difficult to distinguish 
between the two minerals in a photomicrograph (PI. VII, D). 


CEMENTING OR BINDING MATERIALS 

It was possible, after a study of 111 thin sections of sandstones, to 
divide the rocks into two general groups on the basis of the contained 
cementing or binding materials. The first group includes the sand- 
stones in which argillaceous material forms the binding material, and 
the second group includes the sandstones in which precipitated crystal- 
line minerals form the cement or bond. Although both of these groups 
should receive equal attention, the first will be discussed only briefly 
whereas the second will be described in greater detail because most of 
this paper is devoted to the precipitated minerals in sandstones and 
their probable relation to migration and accumulation of petroleum 
and gas. 

SANDSTONES WITH ARGILLACEOUS BINDING MATERIAL 

Several sandstones from the Frontier formation or its equivalent 
are most typical of those in which sand grains are bound together with 
argillaceous material. The argillaceous material is thinly interlami- 
nated with the sand, is evenly distributed throughout the sand, or is 
present as a combination of these two occurrences. Most of the sands 
of this group are moderately consolidated—apparently from the com- 
bined effects of pressure and silicification. Compaction resulting from 
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compression of the shaly or clayey sandstones is clearly indicated by 
the distorted form of the muscovite and biotite grains (Pl. VI, B and 
D), and by the manner in which sand grains have been forced into clay 
or shale particles (Pl. IV, B). Silicification is also suggested as a 
possible cause of partial compaction and solidification, because much 
of the argillaceous material is abnormally anisotropic, and has the 
appearance of chalcedonic quartz. 

In sandstones of the argillaceous types, varying amounts of calcite 
and secondary quartz are present. Although these minerals are pre- 
cipitates, or are in part replacement minerals, their occurrence is 
considered, at this time, as of lesser importance in sandstones of this 
group than is their presence in sandstones in which crystalline mineral 
precipitates form the dominant cement or bond. It may be deduced 
from the preceding statements that argillaceous sandstones, when 
subjected to pressures exerted by load, are compacted to a considerable 
degree, and this deduction is further supported by the low porosity 
of these types of sandstones. 


SANDSTONES WITH MINERAL PRECIPITATES AS CEMENTING MATERIAL. 


Petrographic examinations of cores from Rocky Mountain struc- 
tures revealed quartz, dolomite, anhydrite, and calcite as the four 
important crystalline minerals present in various combinations as 
cementing or binding material in the non-argillaceous sandstones. 
These minerals have converted the original sands into sandstones of 
varying degrees of compactness, and have decreased appreciably the 
porosity and permeability of some of the sandstones. 

A definite sequence of deposition has been established for these 
minerals. In a few sandstones, quartz is the only crystalline mineral 
deposited; in some, calcite is the only precipitated mineral; and in 
others, combinations of three or four of these minerals are present. 
The following tabulation gives the crystalline minerals observed as 
binding or cementing materials in the sandstones, and also gives the 
order in which they are precipitated. 


CEMENTING OR BINDING MINERALS, AND THEIR ORDER OF DEPOSITION 


One Cementing Two Cementing Three Cementing Four Cementing 
Mineral Minerals Minerals Minerals 
Quartz ist Quartz 1st Quartz 1st Quartz 
2d Calcite 2d Dolomite 2d Dolomite 
3d Anhydrite 3d Calcite 
4th Anhydrite 
or 
1st Quartz 
2d Dolomite 


3d Calcite 
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Details of the characteristics and distribution of each of the four 
minerals listed in this tabulation are presented in the following para- 
graphs as evidence upon which the sequences of deposition have been 
based. With these descriptions are also suggestions as to the probable 
origin of the minerals. 


QUARTZ 


In every sandstone examined recrystallized quartz was observed, 
either in the thin sections, in the disintegrated sandstone, or in both. 
The argillaceous sandstones studied contain very small amounts of 
recrystallized quartz, whereas relatively large amounts are present 
in many of the non-argillaceous varieties. 

Undoubtedly, more than one type of recrystallized quartz occurs 
in sandstones, but the type present as complete or partly developed 
crystals is the most evident, and it is this type which is discussed in 
greatest detail in this paper. In most of the sandstone cores in which 
euhedral and subhedral quartz crystals are abundant, the growth of 
the crystals has been around sand grains, and in such instances the 
crystallographic orientation of the grain and the precipitated quartz 
is identical. However, the writer believes that many of the quartz 
crystals were formed by direct precipitation, independent of sand 
grain orientation, within available pore space. 

Precipitation of quartz within pore space has apparently been 
nearly uniform throughout each of the non-argillaceous sandstones 
examined. This is indicated by partial or complete closing of pores in 
areas of fine sand grains, and a lesser degree of closing of pores in areas 
of coarse sand grains. 

Interlocked quartz grains, always common in sandstones contain- 
ing an appreciable amount of recrystallized quartz, indicate that silica 
has been dissolved from the sand grains at points where they are in 
contact with each other. The degree of grain interlocking is of par- 
ticular importance because it serves to indicate the degree of compac- 
tion of sandstones resulting from this process. Examples of interlocked 
quartz grains associated with precipitated quartz are illustrated 
diagrammatically in Plates VIII, IX, and X. Several photomicro- 
graphs also illustrate the same association. 

Secondary, or precipitated, quartz crystals have been described and 
illustrated by Grout, Milner, Cayeux, Pettijohn, Krumbein, and other 
petrographers, and the crystals have been observed by many in- 
dividuals who have made routine examinations of oil-well samples. 
However, little has been written about the origin and importance of 
precipitated quartz in reservoir rocks. 
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Figure | Figure 2 


Scale 
0.9 04 23mm 


IX 
Illustration of sandstone sections in which porosity has been decreased by interlocking of grains 
and precipitation of quartz. 
Fic. 1.—Morrison sandstone (Beaver Creek, Wyoming); same section as illustrated in Plate X, 
Figure 4, but of an area in which all grains are well interlocked. 
Fic. 2.—Bell sandstone (Lance Creek, Wyoming), in which interlocking of sand grains and pre- 
cipitation have virtually closed all pore space. (Porosity, 7.46 per cent.) 
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Figure 


Figure & 


Scale 
0-0 03mm 


PLATE X 
Variations of calcite distribution in sandstones. (Unshaded areas— quartz or chert grains; shaded areas— 
calcite; solid black areas—precipitated quartz.) 

Fic. 1.—Morrison sandstone (outcrop sample from near Cisco, Utah), in which sand grains are 
separated widely by continuous mass of calcite grains. 

Fic. 2.—Sundance sandstone (Iles, Colorado), in which most sand grains are separated by con- 
tinuous mass of calcite grains. 

Fic. 3.—Morrison sandstone (Nieber Dome, Wyoming), in which interlocking of grains has occurred 
before deposition of calcite. Though calcite does not appear to be continuous in section illustrated, it 
may be nearly continuous throughout mass if other directions are considered. (Porosity, 3.74 per cent.) 

Fic. 4.—Morrison sandstone (Beaver Creek, Wyoming), in which calcite is discontinuous. Interlock- 
ing of grains and precipitation of quartz are well advanced. 
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M. I. Goldman,’ who examined samples for R. Van A. Mills and 
R. C. Wells, in connection with their investigation of Appalachian oil- 
field waters, recognized secondary quartz and made the following com- 
ments. 

Quartz as a secondary growth around the original grains and in continu- 
ous crystallographic orientation with them was found in almost all of the 
sandstones that were not too argillaceous. The approach to quartzite was 
in general greatest in the deepest beds, though this relation was highly 
variable. 

An interesting feature is the apparent granulation and recementing by 
silica of some of the grains of quartz in a few of the samples. This may be the 
beginning of the mechanical part of metamorphism, but the possibility has 
also been suggested that it is due to crushing resulting from blows of the drill 
in sinking the well, with subsequent cementing. . . . The assumption of meta- 
morphism due to pressure resulting from the weight of overlying beds is 
favored by the two facts that the phenomenon is apparently rare and that, 
so far as may be concluded from the preliminary study, it occurs mainly in 
samples from greater depth, especially in one from a depth of 2,230 feet. 


H. E. Miner and Marcus A. Hanna,‘ in their studies of the Eagle 
Ford-Woodbine sandstones in the East Texas Oil field, observed 
secondary quartz and stated that: 


No sample has been examined by the writers from the East Texas field 
in which secondary siliceous cement was not present. 


The source of the silica in waters saturating a sandstone, and the 
reasons for its subsequent precipitation as euhedral and subhedral 
crystals within the voids and around sand grains, are naturally prob- 
lematical. However, the writer believes that most of the recrystallized 
quartz is indigenous to the sandstones, and offers the following ex- 
planation for its presence. 

According to F. W. Clarke’s data,’ present-day sea water contains 
silica in the amount of “‘t part in 200,000 to 1 part in 460,000, or even 
less,’’ but it may have been present in somewhat greater quantity in 
ancient seas. Thus, assuming that a buried sandstone is saturated with 
sea water, the silica, if precipitated in its entirety, would not be suf- 
ficient to form all of the quartz crystals observed in some sandstones. 
It therefore becomes necessary to explain the source of additional silica 
in the waters saturating sandstones, and the writer believes this can 
be accomplished in the following manner. 


3 M. I. Goldman; quoted by R. Van A. Mills and R. C. Wells, “The Evaporation 
and Concentration of Waters Associated with Petroleum and Natural Gas,” U. S. 
Geol. Survey Bull. 693 (1919), pp. 15, 16. 

4H. E. Miner and Marcus A. Hanna, “East Texas Oil Field,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 17, No. 7 (July, 1933), p. 772. 

5 F. W. Clarke, “Data of Geochemistry,” U. S. Geol. Survey Bull. 770 (1924), p. 123. 
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After a sand has been covered by a series of sediments the pres- 
sures exerted by the overlying strata should cause compaction and 
thereby decrease the porosity of the sand to some degree, but the 
decrease in porosity may be only slight if pressures are not great 
enough to crush the individual sand grains. However, the pressure of 
the overlying strata on the sand grains would still remain the same, 
and such pressures could readily cause solution of sand grains wherever 
they are in contact with each other. Then, if the pressure on the satu- 
rating water is less than the pressure on the sand grains, and because 
quartz is relatively insoluble, the quartz should be precipitated im- 
mediately, or shortly after it has been taken into solution. 

Although few data have been obtained relative to the solubility 
of quartz at different pressures and temperatures, and to the amount 
of time required to dissolve quartz under different conditions, the 
writer believes that a sand could eventually be changed to a quartzite, 
and that no water other than the water saturating the sand would be 
necessary to cause the transformation. The process involved in this 
transformation includes (1) continued solution of silica from sand 
grains at points of contact, resulting in grain interlocking, compac- 
tion, decrease in porosity, and expulsion of water; and (2) precipita- 
tion of quartz around sand grains and in voids, resulting in decrease 
in porosity and further expulsion of water. Thus, when silica is being 
dissolved and reprecipitated, there is a continuous expulsion of water 
from the voids within the sandstone, but, as quartz is precipitated, 
any water not yet expelled will dissolve and precipitate more silica, 
and continue the process until the voids are completely filled. 

The observations on which this explanation is founded are: (1) the 
interlocking of sand grains in sandstones containing appreciable re- 
crystallized quartz; (2) the presence of faceted quartz crystals formed 
around sand grains; (3) the euhedral and subhedral crystals which 
have apparently formed independently of sand-grain orientation; 
(4) the distribution of the recrystallized quartz which indicates a 
nearly uniform precipitation throughout a sandstone; and (5) the 
amount of sand-grain interlocking which is approximately propor- 
tional to the amount of secondary quartz. The importance of decrease 
in porosity of sandstones and the accompanying expulsion of fluids 
from the voids, as explained, and their influence on migration and 
accumulation of oil and gas are discussed in a subsequent part of this 
paper. 

DOLOMITE AND CALCITE 

It is been deemed advisable to discuss dolomite and calcite to- 

gether because they have similar physical and optical properties, they 
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vary in composition from one to the other, and both are likely to be 
precipitated simultaneously from solution. Identification of these 
two carbonates, which are present in the thin sections of the sand- 
stones, may have been inexact because it was necessary to distinguish 
between them on a basis of crystal habit primarily. All of the dolomite 
identified as such is present in the sandstones as variable-sized 
rhombohedrons, whereas the identified calcite is present as anhedral 
grains, many of which exhibit some well developed cleavage. Also, 
crushed samples of the sandstones were treated with copper nitrate, 
and in every instance the contained calcite stained green and the dolo- 
mite remained unaffected. These tests checked the identification of 
calcite and dolomite in the thin sections. 

Dolomite was identified as a cementing or binding mineral in sand- 
stones from the Second Leo, Leo, and Converse members of the Min- 
nelusa formation, and from the Tensleep and Sundance sandstones. 
A few grains in one core of the Dakota sandstone may also be dolo- 
mite, but tests made on these grains were not conclusive. 

Rhombohedrons varying in size from 0.018 mm. to 0.08 mm. are 
characteristic of the dolomite observed as a cementing or binding 
material in the sandstones. They are deposited in rows between the 
sand grains (Pl. II, A and B), and as aggregated masses in the larger 
voids (Pl. I, Band C). 

Deposition of dolomite has, in every instance, followed the deposi- 
tion of quartz, and preceded the deposition of calcite or anhydrite. 
Dolomite, like quartz, appears to have been precipitated uniformly 
throughout the sandstones, because in areas of fine sand grains these 
two minerals nearly or completely fill the pore spaces and in areas of 
coarser sand grains some void space still remains after precipitation of 
quartz and dolomite. 

With the exception of the lower Dakota, Lakota, and basal Cloverly 
sandstones, calcite was observed in sandstones from the Sundance up 
to and including the Mesaverde, but it was not identified in the forma- 
tions below the Sundance. In all instances it is present as small or 
moderately sized anhedral grains. 

The amount and distribution of the carbonates (dolomite and 
calcite) is extremely variable, and on the basis of these variations the 
writer proposes that sandstones, whether they be dolomitic or calcitic, 
be subdivided into the following or similar types: (1) sandstones in 
which the carbonate mineral grains are small and widely separated; 
(2) sandstones in which segregated masses of carbonate mineral grains 
are widely separated ; and (3) sandstones in which the carbonate mineral 


! 
. 


CEMENTING MATERIALS IN SANDSTONES _ 1865 


grains form a continuous groundmass in which the sand grains are 
imbedded. 

All of these types have been observed and examples of each are 
illustrated diagrammatically in Plate X. 

The source of the dolomite and calcite is also problematic, but the 
following explanations are offered to account, in part, for their presence 
in the sandstones studied. Again, assuming that a buried water- 
saturated sand is being subjected to pressure from overburden, and 
that the pressure is not sufficient to cause further compaction by 
breaking the individual sand grains, some quartz would be dissolved, 
and reprecipitated as previously explained. The existing pressure and 
temperature could readily be responsible for the solution of any carbo- 
nate remains such as shell fragments, Foraminifera, limestone grains, 
et cetera, which were deposited originally within the sand. Further- 
more, decomposition of included organic material and its accompany- 
ing formation of carbonic acid, ammonium carbonate, and other de- 
composition products, should further increase the solubility of any 
carbonate particles within the sandstone. Thus, the amount of cal- 
cium and magnesium carbonates already present in the saturating 
waters is increased by that taken into solution from carbonate re- 
mains within the sandstones. Precipitation of calcite and dolomite 
within the voids of the sandstone then could readily take place upon 
release of pressure and decrease in temperature. Many other factors 
entering into the precipitation of carbonate minerals have been dis- 
cussed by Mills and Wells.** 

The foregoing explanation of the source of the dolomite and calcite 
in sandstones is based on the assumption that much of the magnesium 
and calcium carbonate is dissolved from fragmentary fossil remains 
or limestone and dolomite grains contained within the sandstones, and 
that it is subsequently precipitated as calcite and dolomite within the 
same sandstones. Substantiating evidence for this explanation includes 
the following. First, the rareness or absence of fossil remains in every 
sandstone examined; this is particularly true of those containing 
dolomite. Second, the scattered distribution of some calcite and dolo- 
mite grains; the writer believes that these grains were formed by solu- 
tion of carbonate fragments, and reprecipitated as calcite or dolomite 
before appreciable migration of water occurred. Third, sandstones in 
which quartz grains are widely separated and evenly distributed 
within a mass of crystalline calcite. 


Sa R. Van A. Mills and R. C. Wells, “The Evaporation and Concentration of Waters 
Associated with Petroleum and Natural Gas,” U. S. Geol. Survey Bull. 603 (1919). 
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Some sandstones of this third type might be classified as sandy 
limestones. Because of the wide separation and the even distribution 
of the sand grains within such rocks, it is difficult for the writer to 
visualize conditions under which the sand grains could be so dis- 
tributed during the deposition of a highly calcareous rock mass if the 
calcite is an original precipitate. It seems more logical to assume the 
deposition of a sand composed of a large per cent of limestone grains 
and a small per cent of quartz grains. The distribution of the constitu- 
ent grains would then be uniform because of mechanical mixing. Con- 
solidation of the mass could be accomplished by solution of the lime- 
stone grains, and reprecipitation of the calcium carbonate as calcite 
before appreciable migration of the saturating water. A mechanically 
mixed sand composed of quartz grains and calcareous fossil fragments 
could be converted in like manner into a highly calcareous sandstone. 

Carbonates are undoubtedly carried in solution by connate waters 
into sandstones from overlying and underlying formations and the 
mixing of the waters should result in precipitation of calcite and dolo- 
mite. Still other calcite and dolomite may be precipitated in sandstones 
by mixing of meteoric and connate waters. However, the writer be- 
lieves that too little emphasis has been placed on the calcite or dolo- 
mite indigenous to the sandstones. 


ANHYDRITE 


Appreciable amounts of anhydrite were identified in sandstones 
from the third Sundance and Tensleep, and from the Converse and 
Leo members of the Minnelusa; a small amount was observed in one 
core from a Frontier sandstone; and a few grains of questionable an- 
hydrite were observed in a core from the basal Cloverly sandstone. 

In general, anhydrite occurs as crystalline grains with poor to 
well developed cleavage. Many of the grains have from one to three 
straight sides (Pl. II, D), which may be accounted for by uninter- 
rupted growth of the crystals into void spaces, by crystals overlapping 
the sand grains, or by contact growth against faces of previously 
formed quartz crystals. Anhydrite has been the last of the crystalline 
cementing minerals to be precipitated. In the cores studied it is 
ordinarily associated with quartz and dolomite, and rarely with cal- 
cite. 

The source of anhydrite as a cementing mineral is probably more 
difficult to account for than is the source of quartz, calcite, or dolo- 
mite, but it is generally acknowledged that it is the first mineral to 
crystallize from saline solution after precipitation of the calcium and 
magnesium carbonates. If sufficient calcium sulphate is present in 
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waters saturating a sandstone, it would be precipitated in the voids 
remaining after deposition of quartz, dolomite, and calcite. 


PYRITE 


Minor amounts of pyrite are present in some samples from the 
Sundance, Morrison, Cloverly, Dakota, and Frontier sandstones. It 
generally occurs as small anhedral grains or crystals, but in a few cores 
it acts as a cementing mineral. However, the number of sand grains 
cemented together by pyrite is extremely small. 


VARIATIONS OF MINERAL DEPOSITION IN GEOLOGIC SECTION 


After compiling the occurrences of crystalline mineral cements 
observed in the sandstone cores, it was noted that the combinations of 
the minerals varied in different parts of the geologic section from the 
Bell sandstone member of the Minnelusa (Pennsylvanian) upward 
through the Mesaverde (Cretaceous) sandstone. Because these varia- 
tions may have some significance in connection with future geologic 
investigations and in problems of correlation and identification of 
strata, some space is devoted to their description. 

Recrystallized quartz is present in varying amounts in all of the 
sandstones examined. 

Dolomite and anhydrite, precipitated later than quartz, occur in 
the Leo and Converse members of the Minnelusa and in the Tensleep 
and Sundance sandstones, but they do not occur in the sandstones 
above the Sundance except in small amounts in one Frontier core, and 
as a few questionably identifiable grains in a core from the basal 
Cloverly. The Leo, Converse, and Tensleep sandstones are of Penn- 
sylvanian age and the Sundance is of Jurassic age. 

Calcite, associated with varying amounts of recrystallized quartz, 
was observed in samples from the Sundance, Morrison, Dakota, 
Cloverly (Rusty), Muddy, Wall Creek, Frontier, Shannon, and Mesa- 
verde sandstones. It was not observed in the Lakota, lower Dakota, 
or basal Cloverly cores. 

The graphic representation of the relative amounts of quartz, 
dolomite, calcite, and anhydrite observed in the several sandstones 
illustrates clearly the difference between the crystalline mineral pre- 
cipitates above and below the Jurassic Sundance formation (Fig. 1). Re- 
crystallized quartz and calcite are limited, in general, to the sandstones 
of the Jurassic and the Cretaceous, whereas quartz, dolomite, and 
anhydrite are confined essentially to the sandstones between the 
Jurassic Sundance and the Pennsylvanian Bell sandstone member of 
the Minnelusa formation. 
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Sande tones Interloched |Recrystall Urgillaceous| Yo 
Names given are those Quartz |Dolomite |Calcite |Anhydrite| Pyrite | Material |Porosity 
used by Companies 
Mesaverde — 207, 
Frontier (Stray) 70.69 
Wall Creek(2"*) 12.05 
Cloverly (Basal) 4.01 
Dakota lLower) 79.42 
Sundance — — 0.10 te 
Sundance (2°¢7op) 448 fe 
Sundance (3°4) a 7531 to 
Sundance (Basal) = 70.66 Fe 
Leo = 3-67 fe 
Leo (2"*) — 4 76.94 
Joss (2"*Leo) 4 5.87 
Scale 


Fic. 1.—Distribution of cementing minerals in sandstones from the Rocky Mountain region. Last column 
lists only one porosity if a single sample of a formation was available, and minimum and maximum porosities 
if several samples of a formation were available. 
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A mixing of calcite with dolomite was noted in some Sundance 
cores; therefore, the writer believes that an overlap of these two 
minerals may be found in sandstones occurring in formations between 
the Sundance and the Tensleep. Variations of mineral cements in the 
geologic section described indicate that throughout the Rocky Moun- 
tain region quartz and calcite may be expected as cementing materials 
in sandstones in and above the Jurassic, and that quartz, dolomite, 
and anhydrite are the cements to be expected in sandstones below the 
Jurassic. If such a condition is true for the geologic formations in the 
Rocky Mountain region, similar conditions, but not necessarily in- 
volving the same distribution of cementing materials, may possibly 
be observed when detailed petrographic studies are made of sandstones 
from other regions. 


PROBABLE INFLUENCE OF CEMENTING MINERALS ON POROSITY AND 
PERMEABILITY 


In the descriptions of quartz, dolomite, calcite and anhydrite, the 
manner and sequence of deposition of these minerals as cementing 
materials in sandstones has been outlined, but their influence on poros- 
ity and permeability is only briefly mentioned. Appreciable reduction 
of both porosity and permeability undoubtedly has resulted in the 
sandstones because of the precipitation of these minerals. 

In the following discussion it is assumed that the compaction of all 
of the sands by compressive forces was not beyond the limit of grain 
breakage. This assumption is made because no conclusive evidence of 
breaking of individual grains was observed in the sandstones studied. 
It necessarily follows that if a decrease in porosity and permeability 
of the sandstones is not brought about by crushing of grains 1s a result 
of compression forces, it must be accomplished by precipitation of 
mineral matter within the voids, and by other factors accompanying 
such precipitation. 

The first decrease in porosity and permeability, after mechanical 
compaction up to the limit of grain breakage is reached, occurs because 
of the solution of quartz at points where the constituent sand grains 
are in contact. Such a solution effect results in a decrease in pore space 
because the sand grains become interlocked. Subsequent precipitation 
of the dissolved silica as quartz crystals, either independent of or 
around sand grains, further decreases the porosity of the sandstones 
because the quartz crystals are precipitated in the then existing voids. 
It appears that precipitation of quartz is uniform throughout a sand- 
stone because the voids in areas of fine grains are more completely 
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filled than are those in areas of coarse grains. Therefore, if a sandstone 
is composed of alternating layers of fine and coarse grains, the decrease 
in porosity and permeability resulting from solution and precipitation 
of quartz should be greater in the fine-grained layers than in the coarse- 
grained layers (Pl. VIII). This theory is further substantiated by dis- 
tribution of the other cementing minerals. 

Non-argillaceous sandstones in which recrystallized quartz is the 
only important precipitate, have a relatively high porosity and 
permeability. This condition may be explained, at least in part, by 
the fact that interlocking of grains as a result of solution, combined 
with the bridging of the newly formed crystals, has developed a 
relatively rigid sandstone. Many of these rigid sandstones have been 
observed by the writer. The Eagle Ford-Woodbine sandstones, de- 
scribed by H. E. Miner and Marcus A. Hanna,° are also of the rigid, 
porous type. They state that “‘No sample has been examined by the 
writers from the East Texas field in which secondary siliceous cement 
was not present’’; they further add that ‘“The sand grains were firmly 
held together by siliceous cement after calcareous cement was re- 
moved with hydrochloric acid.” 

The porosity and permeability of sandstone, after solution and re- 
crystallization of quartz, may be further decreased because of partial 
or complete filling of the remaining pore space when calcite, dolomite, 
or anhydrite are precipitated. Such conditions were noted by the 
writer in all sandstones examined, and are well illustrated in the 
Tensleep sand from Big Medicine Bow, Wyoming, and the Leo sand- 
stone of the Minnelusa formation from Lance Creek, Wyoming. In 
these sandstones alternating bands of fine and coarse sand grains are 
present. Recrystallized quartz has been precipitated throughout the 
sandstone, and the resultant closing of the pores is greater in the layers 
of fine sand than in the layers of coarse sand. Subsequent precipitation 
of dolomite, apparently uniform throughout the sandstone, has com- 
pletely closed the remaining pore space in the layers of fine grains, 
but has only partially closed the pores remaining in the coarse- 
grained layers. Following the deposition of dolomite, the only remain- 
ing voids were in the coarser sand layers, and it is in these voids that 
the anhydrite was precipitated. 

The relation of porosity to the crystalline mineral precipitates as 
cementing materials is well illustrated by the following sandstones. 
Of the Dakota and Lakota sandstones the two samples having the 
lowest porosities (6.79 per cent and 7.64 per cent) are conglomeratic 


° H. E. Miner and Marcus A. Hanna, “East Texas Oil Field,” Bull. Amer. Assoc. 
Petrol, Geol., Vol. 17, No. 7 (July, 1933), p. 772. 
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and argillaceous; therefore, the initial porosity was probably low 
because of variable grain size and compaction of the argillaceous ma- 
terial. The Dakota and Lakota sandstones with high porosities (21.22 
per cent to 23.44 per cent) contain an appreciable amount of quartz 
but practically no other cement. Other sandstones of these formations 
have porosities varying from 13.02 per cent to 16.50 per cent. These 
moderately low porosities may be accounted for, in one sample, by the 
failure to leach out oil before determination of porosity; and in other 
samples by the presence of numerous fine sand grains. It therefore 
would appear that high porosities may be expected in relatively coarse 
Dakota and Lakota sandstones in which quartz is the predominant 
precipitated cementing mineral. 

Porosities of sandstones from the Sundance formation range be- 
tween a minimum of o.1 per cent and a maximum of 24.92 per cent. 
The sandstones having the least porosity contain not only a large 
amount of calcite, but also an appreciable amount of argillaceous ma- 
terial. Some compaction has undoubtedly resulted from pressure, as 
evidenced by the distortion of included mica grains. The calcite, 
present as minute anhedral grains, forms a continuous mass in which 
the sand grains are imbedded. If the calcite has been formed by solu- 
tion and recrystallization of indigenous carbonate material, which is 
the writer’s belief, the intergrowth of the newly formed calcite grains, 
combined with compaction by compressive forces, could result in a 
low-porosity rock. 

In a core from the Second Sundance sandstone in Salt Creek, 
Wyoming, with a porosity of 4.48 per cent, both quartz and calcite 
are present as cementing material. Argillaceous material is, however, 
not present; therefore, the low porosity of this sandstone must be 
accounted for by the interlocking of grains as a result of solution at 
points of contact, recrystallization of quartz, and subsequent filling 
of pores by calcite. 

Sundance sandstones having high porosities, 23.35 per cent and 
24.92 per cent, contain very small amounts of calcite and recrystal- 
lized quartz; therefore, the pore space has been filled only slightly by 
these minerals. In the sandstones having porosities between 10 and 18 
per cent, calcite or quartz or both are present in moderate amounts. 

In sandstones from the Led member of the Minnelusa formation 
and from the Tensleep formations, which have porosities between 3.67 
and 9.91 per cent, quartz grains are well interlocked, and recrystallized 
quartz, dolomite, and anhydrite are present in appreciable amounts, 
but in those having porosities from 11.78 to 19.50 per cent, the crystal- 
line mineral cements are not as abundant. 


1 

i 

j 

‘ 


1872 W. A. WALDSCHMIDT 


PROBABLE INFLUENCE OF CEMENTING MINERALS ON MIGRATION AND 
ACCUMULATION OF OIL AND GAS 


Observations made while studying sandstone cores from wells 
drilled in the Rocky Mountain region have suggested to the writer 
that crystalline mineral precipitates within sandstones may have 
played an important réle in the migration and accumulation of oil 
and gas, especially in their control of fluid movements toward areas 
of pressure relief within reservoir rocks. This réle has received but little 
attention in the past. 

V. Ziegler’ mentions deposition of cementing materials in his paper 
on the movements of oil and gas through rocks, but does not discuss 
their importance. Roswell H. Johnson’ makes the following statements 


regarding cementing materials. 


A further cause of movement and probably increased pressure with depth, 
and therefore consequent gas formation is the gradual deposition of cement- 
ing material in the sandstone. This reduces the percentage of pore space and 


displaces material previously occupying such space. 
The water (with oil and gas, if any) moves in the direction of least pres- 


sure, which is generally upward, ... 
With lowered pressure the water deposits more cementing material. . . . 
The ultimate source of the cement contributed to sandstone is then 


principally from below. 


Recently the writer was informed by F. M. Van Tuy] and B. H. 
Parker, who, during the past three or four years, have reviewed a 
great number of articles in connection with problems of migration and 
accumulation of oil and gas, that very little information was obtain- 
able on the importance of cementing materials to these problems. 

It has been pointed out, in the preceding pages, that the porosity 
of sandstones can be decreased appreciably by solution of silica at 
points where sand grains are in contact, and by subsequent precipita- 
tion of quartz, dolomite, calcite, and anhydrite within the voids. 
Partial or complete filling of the voids in this manner results in the ex- 
pulsion of contained fluids and gases, and this result can not be at- 
tained unless the fluids and gases are free to migrate. The forces 
exerted during the time of expulsion of fluids and gases from voids in 
sandstones include hydrostatic pressure, pressure from overburden, 
pressure resulting from gases generated by decomposition of organic 
material, pressures exerted by crystal growth, and pressure resulting 


7 V. Ziegler, “The Movements of Oil and Gas through Rocks,” Econ. Geol., Vol. 13, 
No. 5 (July, 1918), pp. 335-48. 

8 Roswell H. Johnson, ‘‘The Role and Fate of the Connate Water in Oil and Gas 
Sands,” Trans. Amer. Inst. Min. Met. Eng., Vol. 51 (1915-16), p. 598. 
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from volume increase when some salts are precipitated from solution. 

An example of the last-named pressure is that the combined 
volume of precipitated anhydrite and a given amount of water is 
greater than the volume of the water with the anhydrite in solution. 
The writer has found no reference to volume increase as a source of 
pressure and its relation to migration of oil and gas, in any of the 
literature reviewed. However, if solution volumes increase when 
quartz, calcite and dolomite are precipitated from solution, as they 
do when anhydrite is precipitated, then the total increase of solution 
volume must be great and must cause or aid migration. 

It is generally acknowledged that if a sandstone is covered by a 
series of sedimentary rocks, some compaction results because of pres- 
sure exerted by the overburden, and that during this period of com- 
paction a certain amount of the water saturating the sandstone is ex- 
pelled laterally or vertically. But if the overburden pressure is not 
sufficient to fracture the sand grains and cause further compaction, 
then the existing pressure and accompanying temperature should be 
effective in causing solution of sand grains at points where they are in 
contact with each other. Silica thus taken into solution will probably 
be precipitated immediately within the void space. Interlocking of 
grains resulting from solution of silica from sand grains and precipita- 
tion of quartz further decreases the porosity of the sandstone. This 
decrease in porosity must necessarily subject the saturating water 
to additional pressure and force it to migrate into openings of over- 
lying or underlying rocks, or cause it to be expelled at outcrops and 
through fractures. 

If decomposition of organic material within the sandstone is taking 
place during and after precipitation of quartz within the voids, the 
products of such decomposition in combination with existing pres- 
sures and temperatures could result in the solution of any carbonates 
present. These carbonates might readily be precipitated from the 
saturating waters by relief of pressures anywhere in the sandstone. 
Thus, further filling of the voids by the growing crystals of calcite, 
dolomite, or even anhydrite would again build up pressure, displace 
additional water from the voids, and force the water to migrate to 
areas of lower pressure. In order to relate this expulsion of fluids from 
voids to migration and accumulation of oil and gas, the writer is con- 
fining the present discussion essentially to probable changes occurring 
within sandstones. Decomposition of organic remains contained 
within a sandstone in which the saturating waters are relatively free 
from motion may result in the formation of oil globules which, even 
though they are of lower specific gravity than the water, may be too 
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small to move through the water and coalesce. If the droplets of oil 
disseminated throughout the sandstones do not come into contact 
while the water containing them is in a relatively static condition, 
then migration of the fluid must take place before the oil droplets can 
be brought together. The effect of migration in separating the oil 
droplets from the water may be comparable to the separation of oil 
and water when emulsions are forced through sand filters under rela- 
tively high pressure. A process, patented by Meredith,® of separating 
oil from water in emulsions by sand filtration, is described by Dow.’° 
It is claimed that the emulsion is broken when it is forced through a 
wet sand filter; that oil containing large globules of free water is dis- 
charged from the apparatus; and that “upon standing this fluid 
separates into clean oil and free water.” 

To establish migration and filtration of a water-oil mixture within 
a sandstone, it is essential that the pressure on the fluids be relieved 
by anticlinal folding, faulting, fracturing, exposure of the sandstone 
on the surface, or by other means. 

Causes and effects of variable pressures within a sandstone, their 
relation to crystalline mineral precipitates, and their relation to mi- 
gration and accumulation of oil and gas may be summarized, in part, 
in the following ways. 

First stage: compaction of the sand by overburden pressure and 
expulsion of some connate water during and after deposition of the 
overlying sediments. During this period of compaction some water 
is driven from the sand, either laterally or vertically, into adjacent 
sediments. 

Second stage: solution of silica from sand grains where they are 
in contact with each other, interlocking of sand grains, and con- 
temporaneous precipitation of secondary quartz within the voids. 
If the overburden pressures have remained constant, the pressure on 
the water within the sandstone increases because of the compaction 
resulting from the interlocking of the grains, and by the forces of 
quartz crystal growth within the voids. Additional pressure is also 
built up if, as in the case of anhydrite, the combined volume of the 
precipitated quartz and water is greater than the volume of water 
with quartz in solution. The pressures created by such volume in- 
crease, displace additional water from the voids, and force it out of 
the sandstone. If the sandstone does not crop out, or if fractures are 


° Wynn Meredith, ‘“Dehydrates for Oil Emulsions,” U.S. Patent 1480091 (January 
8, 1924). 

1 D. B. Dow, “Oil-Field Emulsion,” U.S. Bur. Mines Bull. 250 (1926), pp. 72 and 
73- 
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not present through which the water could be expelled, it could be 
forced into overlying or underlying sediments which are still capable 
of absorbing additional water. 

It may be postulated that during and after the first two stages, 
decomposition of organic remains has resulted not only in the forma- 
tion of gases and minute oil droplets, but also that it has aided the 
solution of any carbonate and possibly sulphate minerals within the 
sandstone. Up to this point, relatively static conditions within the 
sandstones are assumed. 

Third stage: decrease of pressure within some areas of the sand- 
stone when faults and fractures caused by tensional or other forces 
enter or cross the sandstone formation. Fluids within the sandstone 
will then migrate toward the areas of pressure relief and be forced into 
openings formed by faulting and fracturing. Migration thus estab- 
lished between areas of cementation and areas of pressure relief will 
permit segregation of oil droplets within the water because the entire 
sandstone acts as a filter, and the coalesced oil will probably follow 


the water toward the low-pressure areas. When pressures are released, 


calcite, dolomite, or anhydrite will begin to precipitate into voids, 
again displace additional water, and continue to drive the contained 
fluids toward the faulted and fractured regions. 

It is not known definitely whether the rate of movement of water 
is greater than the rate of movement of oil when both fluids are mi- 
grating through a sandstone, but the writer believes that water will 
often lead, or even by-pass segregated oil within a sandstone when the 
fluids are migrating toward areas of pressure relief. The ability of 
water to by-pass oil is known because of the development of water 
cones in many producing oil wells; and the same effect has been indi- 
cated experimentally by F. B. Plummer and H. K. Livingston." If 
water does move through sandstone more rapidly than the segregated 
oil, or if it by-passes the oil, much water will be forced from the sand- 
stone into fractures without carrying with it any appreciable amount 
of oil. If calcium carbonate is present in the water entering the frac- 
tures, it may readily be precipitated as calcite and form a seal against 
further migration of fluids. The oil formed by coalescence of the 
minute droplets will have followed the water toward the faulted and 
fractured areas, and in time may separate from the water because of 
its lesser specific gravity. 

The explanations of migration of oil, as outlined in the preceding 


11 F, B. Plummer and H. K. Livingston, “Water Cones and Water Sheaths in 
Experimental Oil Wells,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24, No. 12 (December, 


1940), pp. 2163-79. 


| 

2) 

} 


1876 W. A. WALDSCHMIDT 


paragraphs, apply particularly to buried sandstones, but the same 
explanations with some additions might apply equally well to out- 
cropping sandstones. For example, meteoric waters entering sand- 
stones at points of outcrops will percolate downward through the voids 
and create a hydrostatic head. If the water can not leave the sand- 
stones at points lower than the outcrops, a static condition of the 
water will again be established, and the pressure of the overburden 
and the hydrostatic head will be effective in causing solution and 
reprecipitation of quartz within the sandstone voids. The pressure 
resulting from the quartz deposition will probably force some of the 
contained fluids updip toward the outcrop. Lower pressures at or near 
the outcrops will also result in precipitation of calcite from the saturat- 
ing waters, and this, combined with other calcite precipitated from 
meteoric waters entering the sandstones, will produce a relatively 
tight seal. If the calcite seal at and near the outcrop is tight enough 
to prohibit further movement of water updip, increase in pressure 
from overburden, products of decomposition of organic material, and 
solution and precipitation of quartz and other minerals will occur in 
the lower reaches of the sandstone. 

Then, if pressures are released in the lower reaches of the sand- 
stone by structural adjustment, giving rise to folds, fractures, and 
faults, the direction of migration of the contained fluids will be re- 
versed, that is, they will move downdip from the areas of cementa- 
tion toward the areas of released pressure. Relief of pressure will cause 
precipitation of the cementing minerals within the voids, which in 
turn will displace the contained fluids and force them through the 
sandstones toward and into the low-pressure areas and to points of 
exit. Accumulation of oil under these conditions will be similar to the 
conditions described in stage three for buried sandstones. 


PROBABLE INFLUENCE OF MINERAL CEMENTS ON PRESSURES 
IN OIL AND GAS FIELDS 


Many variations in pressure have been recorded in oil and gas 
wells, and generally these variations are explained as changes in ef- 
fective hydrostatic head, overburden, or the manner and rate of fluid 
flow through reservoir rocks. Even though the explanations given on 
the basis of these and other factors are usually satisfactory, the writer 
believes that many variations in pressure can be further accounted 
for if due consideration is given to the pressures resulting from the 
precipitation of crystalline minerals within the voids of a sandstone. 

If water, oil, and gas within a sandstone are not free to migrate, 
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the effective pressures on the fluids and gas will be those aforemen- 
tioned, but as solution and reprecipitation of quartz takes place the 
compaction resulting from interlocking of sand grains and the growth 
of the crystals into the voids will increase the pressures. Some of this 
increase in pressure can be relieved without expulsion of fluids and 
gas from the voids if the gas is absorbed by the oil and water, and if 
it is compressed. 

Upon formation of a low-pressure area within the sandstone, the 
fluids and gases would begin to migrate. The relief of pressure will 
result in the precipitation of calcite and dolomite or anhydrite. As 
these minerals form within the voids, the pressure created because of 
their growth should aid in forcing the fluids and gases toward the area 
of low pressure. 

After accumulation of oil and gas, relief of pressure as a result of 
fracturing, faulting, or folding beyond the areas of accumulation will 
again cause crystalline minerals to be precipitated within the voids. 
If the water can not be forced from the sandstone into overlying and 
underlying strata, the forces accompanying mineral precipitation will 


’ move the water toward the areas of accumulation, cause not only 


further absorption of gases by the fluids, but also further compression 
of the gases. It is possible, therefore, that much of the initial high 
pressure in some fields may result directly from the precipitation of 
crystalline minerals within the voids of a reservoir rock. 

If precipitation of minerals occurs beyond the areas of oil and gas 
accumulation, before and even after the pressure is relieved by drilling 
and production, enough precipitation may occur to form a seal suf- 
ficiently tight to prohibit or retard water encroachment toward areas 
of oil and gas production. If this is the case, the high initial pressures 
may be reduced to zero, or even below zero, during production of oil 
and gas. 

Comparison of two of the sandstone formations examined may aid 
in further illustrating the probable influence of crystalline precipita- 
tion upon oil-field pressures. For example, the voids in the Sundance 
sandstone samples examined contain recrystallized quartz and cal- 
cite. Some samples contain an abundance of calcite and have corre- 
spondingly low porosity, while other samples contain a lesser amount 
of calcite, and have a correspondingly higher porosity. It is possible, 
therefore, that the calcite within the Sundance formation may be 
concentrated sufficiently in some areas to prohibit or retard water 
encroachment toward the areas in the sand from which oil and gas is 
being removed. Pressures in fields producing from the Sundance 
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sandstone may, therefore, be expected to be high at the beginning of 
production, and to be lower than the hydrostatic head after continued 
production. 

In contrast to postulated pressure changes in the Sundance sand- 
stone, pressures in the Dakota sandstone, at least in some of the 
Rocky Mountain structures, should be different. In many of the 
Dakota samples examined, quartz, the only important cementing 
mineral, has been precipitated in a manner resulting in the develop- 
ment of a rigid rock of relatively high porosity. Because no other 
minerals have been precipitated in the pores, the effective porosity 
and permeability of the sandstones will permit a water to enter the 
formation at the outcrops. After relief of the initial high pressures 
there should be gradual encroachment of water under a relatively 
constant hydrostatic head, and for a long period of time the pressure 
should remain constant as the oil is removed. 


CONCLUSIONS 


In summary, the facts presented in this paper are: first, a decrease 
in porosity of sandstones caused by interlocking of grains wherever 
quartz, and probably other minerals, have been dissolved at points 
of contact; second, a decrease in porosity of sandstones caused by 
precipitation of crystalline minerals within the voids; third, the in- 
crease in volume that takes place when anhydrite is precipitated from 
a solution; fourth, the separation of sand grains by the forces of crys- 
tal growth of the cementing minerals; fifth, a definite sequence of 
mineral precipitation in the sandstones examined; sixth, the difference 
in precipitated minerals above and below the Sundance (Jurassic) 
formation. 

The writer believes that in the past far too little emphasis has been 
given to the crystalline mineral precipitates in sandstone reservoirs, 
and to their influence on migration and accumulation of the contained 
fluids. 

The first four factors mentioned must all have a marked influence 
on increasing the pressure on fluids within sandstones, and they are 
certainly effective in displacing the fluids from the voids. Some of the 
pressure may be confined, but if pressure is released in any area within 
the sandstone by fracturing or faulting, the movement of the con- 
tained fluids must be through the sandstone, toward the areas of 
pressure relief, and into and through the open fractures and faults. 
Because of pressure relief, precipitation of minerals within the voids, 
whether rapid or slow, will cause additional fluid to be displaced, and 
thus continue to force the fluids toward the low-pressure area. If part 
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of a sandstone is tightly cemented with precipitated minerals, migra- 
tion of fluids past that area will be prohibited, but if pressures are 
subsequently released elsewhere in the sandstone, migration of fluids 
will be from the cemented area toward the area of pressure release. 

The development of low pressure areas within sandstone reservoirs 
and the control of fluid movement toward these areas by precipitation 
of mineral cements, are, in the writer’s opinion, two of the most im- 
portant factors causing migration. 

Other important factors influencing migration and accumulation 
of oil are of course not being discredited, but the writer predicts that 
if due consideration is given to the study of areas of pressure relief in 
reservoir sandstones and to the distribution of mineral cements and 
their control of fluid movements, it will be found that structural 
or stratigraphic traps, though desirable, are not essential for the ac- 
cumulation of oil and gas. In other words, oil and gas may migrate 
either updip or downdip and accumulate in a low-pressure area, or 
they may also migrate toward and accumulate at a low-pressure area 
in flat beds. 

If these predictions are true, future exploration for oil and gas will 
have to include petrographic studies of thin sections of outcrop 
samples, and of samples from productive and non-productive sand- 
stones encountered in wells, to determine the nature and distribution 
of cementing materials. Detailed surface mapping of faulted and frac- 
tured areas will be necessary to determine possible areas of pressure 
relief in underlying reservoir sandstones. Cementation should occur 
where pressures have been relieved by the development of open 
faults or fractures, but if evidence of such faulting or fracturing can 
not be found at the surface, detailed geophysical surveys will be neces- 
sary to locate areas of cementation in formations overlying sandstones. 
Soil-analysis surveys should also be made in areas where evidence of 
pressure relief has been observed. 

From these studies and surveys it should be possible to map the 
distribution of cementing materials, to determine the probable direc- 
tion of fluid movement, and to select the areas of pressure relief most 
favorable for oil accumulation. 
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HIGH-PRESSURE YATES SAND GAS PROBLEM, 
EAST WASSON FIELD, YOAKUM COUNTY, 
WEST TEXAS‘ 


ALDEN S. DONNELLY? 
Midland, Texas 


ABSTRACT 


High-pressure Yates sand and “Brown lime” gas or “air” has caused casing with 
ample collapse safety factors to collapse in drilling and completed wells in the Wasson 
field. Data are presented on: the history and geologic occurrence of the gas; structural 
and areal location of the part of the field where the gas is encountered; theories about 
the cause of the collapsed casing with geologic and other supporting evidence; and 
various methods used to counteract this hazard, including equipment, calculations, and 
procedures developed in squeeze cementing with salt-water cement, setting of “stub” 
strings of casing for permanent control of the gas. Operations are given in such detail 
as to be applicable, with minor changes, to other fields confronted with similar problems. 


INTRODUCTION 


The high-pressure lean or non-inflammable gas at shallow depths 
in the Permian Yates sand of the Wasson field has caused formations 
to cave, resulting in collapsed casing in both drilling and completed 
wells. Under present low allowables and long well pay-outs, drilling 
costs were one of the important factors to be considered in combating 
this hazard. To develop a safe, sure drilling program and casing pat- 
tern at minimum cost required a study of the geologic section, the 
manner in which it drilled, and a use of the drilling engineering princi- 
ples that were particularly applicable to the subsurface conditions 
encountered. 

This article gives the calculations and the different methods em- 
ployed. It has been the intention to compile a record containing suf- 
ficient detail that the experience gained on these leases in the Wasson 
field would be available for similar problems in other localities. 


OCCURRENCE 


The Yates sand gas occurs near the top of the Yates sand (White- 
horse, Permian) at an average depth of 3,120 feet. Not all wells in the 
Wasson field (Fig. 1) encounter this gas. The geological section shown 
in Figure 2 indicates the relationship between the gas and the forma- 
tions penetrated. 

The gas is lean but inflammable in the central and west parts of the 
Wasson field. In the east and northeast part the gas is non-inflamma- 
ble, 97 per cent nitrogen and is called “air” by the field men. It has a 


1 Manuscript received, May 1, 1941. 
? Texas division geological engineer, Honolulu Oil Corporation. 
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HIGH-PRESSURE YATES SAND GAS PROBLEM 1883 
suffocating effect on men. Pressures reach a maximum of 2,800-psi., 
averaging 1,800-psi. in most of the wells that have given trouble. 
Volumes that have been gauged by spot tests with a manometer range 
from 2 million to 15 million cubic feet per day. 


HISTORY 


Development came south from the Honolulu Oil Corporation and 
Cascade Petroleum Company’s Bennett No. 1-678 discovery well in 
NE. } of Sec. 678, completed in 1935 (Fig. 1). The air was not present 
in the few cable-tool wells on the north edge of the field. As drilling 
progressed south, the air, if present, was under too low a pressure to 
_ unload the holes of 10-lb./gal. salt-water mud; consequently, it did 
not present a serious drilling problem. The casing program in use was 
200+ feet of surface casing and 4,800+ feet of 54-inch (15-lb. or 
17-lb.), or 7-inch (24-Ib. or 26-lb.) oil string. As the oil “pay” is porous 
Permian dolomite with very little sand, it is usually left open. 

Crump and Black’s Bennett wells, Section 695, in the northeast 
part of the field, were the first to encounter the Yates sand air. The 
pressure was not sufficient to unload the holes but did blow out some 
of the mud after trips when the air bubble came around out of the 
drill pipe. It was not necessary to run an intermediate string of casing 
through the redbeds to the top of the anhydrite at 2,400+ feet. 
Crump and Black drilled 11-inch holes to 3,200 feet in their last two 
of four wells, thereby increasing the volume of the hole and decreasing 
the velocity of the mud column should the air start to unload the 
hole. The procedure was successful; the wells did not unload, princi- 
pally because of the low pressure in the Yates air. 

During December, 1938, the Devonian Oil Company’s Hodges 
No. 1, S. } of Sec. 696, encountered the air at 3,140-3,160 feet in large 
volume under a pressure of approximately 2,800-psi. as shown by the 
amount of weighted mud necessary to kill the air. Neither the De- 
vonian nor any of the other operators in this part of the field expected 
the volume and pressure of air encountered. The only casing in the 
hole was 200+ feet of 103-inch surface casing to protect the upper 
domestic water. The hole unloaded and the mud cake was blown off 
the redbeds above the salt section releasing the intermediate redbed 
waters that occur at the following average depths: 350 feet, 975 feet, 
1,875 feet, and 2,050 feet. These waters assisted the air in cutting and 
blowing out the redbeds. Approximately 2 carloads of redbeds and 
mud were blown out, the flow often going over the crown blocks. The 
Devonian well was killed with 176 tons of Baroid, and 50 sacks of 
cement were spotted from 2,350 feet to 2,440 feet before reaming to 
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run the intermediate string of 7§-inch casing cemented with 500 sacks 
at 2,370 feet in the top of the anhydrite. At the total depth of 4,870 
feet, that is, 230 feet in the limestone, the 53-inch 17-lb. oil string was 
cemented at 4,860 feet with 250 sacks of cement. Prior to drilling plug 
the casing was tested with 600-lb. pump pressure which showed a 
leak at about 3,240 feet. The casing was gun-perforated just below 
this depth and 1,000 sacks of cement squeezed behind it through a 
cement retainer. The squeeze cement job was successful. At this time 
it was believed that faulty 53-inch casing caused the leak and not 
the formations as was proved later. 

During the same month the Texas Pacific’s Bennett No. 16, SW. 
t of Sec. 695, blew out at 3,150 feet with only the usual 220 feet of 
surface casing. It acted in the same manner as the Devonian well had 
acted. No attempt was made to plug or complete this T. P. well, which 
continues to flow air and water after a year and a half, indicating the 
large volume of air present in the Yates sand. 

The E. } of Sec. 741, which adjoins the Devonian lease on the 
south, had a larger volume of air under higher pressures, yet the air 
ended abruptly along the center line of this section. The Honolulu- 
Cascade wells in the NE. } of Sec. 741 unloaded over the derrick, but 
the offset wells 880 feet west on the Mabee lease missed the air, 
though it reappeared in the first Mabee well on the east, which is due 
south of the Honolulu-Cascade wells. This Mabee well was lost and 
plugged in the Yates sand, because it did not have an intermediate 
string of casing to hold back the caving redbeds. 

The Honolulu-Cascade’s Willard wells in the NE. } of Sec. 741 
(Fig. 1) were some of the largest gas wells in this part of the field. 
The problems encountered on this lease are representative of all 
wells in this part of the air belt. Because of the completeness and 
availability of the records, they shall be referred to in this article. 


USUAL CASING PATTERN IN YATES AIR AREA 


If there is a possibility of air in the Yates, the standard practice is 
to set either 13-inch or 103-inch surface casing at 200+ feet, and 93- 
inch or 78-inch casing in the top of the anhydrite, or in the anhydrite 
at the base of the main salt (base of Salado) and an oil string of 4,800 
feet of Grade H-40 of 7-inch or 53-inch. The 7-inch being 24-pound or 
26-pound and the 53-inch 15-pound or 17-pound. Occasionally, 300 
feet of heavier casing with a higher carbon-content steel, such as 
Grade N-80, were put in the string so as to be opposite the zone of 
collapse. As usual, when running a mixed string of casing, the top 
joint should be the same as the heaviest casing in the string since the 
increase in weight decreases the I.D. of the casing. 
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CASING SEAT INTERMEDIATE STRING 


Care is taken not to drill into the salt before setting and cementing 
the 93-inch or 73-inch casing in the 40+ feet of anhydrite cap over 
the salt. This casing seat is determined from a study of the well 
cuttings and the time rate of drilling. There have been wells in the 
Texas-New Mexico Permian basin with casing cemented in the salt 
section in which the cement and salt behind the shoe joint were cut 
out by lower gas, and the shoe joint whipped off to fall over into salt 
cavities and junk the hole. The primary cause of this seems to be that 
the salt leaches a thin layer of water from the cement and thus de- 
stroys the bond at the cement salt contact. The main salt section 
(Salado) from 2,300 feet to approximately 3,100 feet stands up well 
in uncased cable-tool holes. Experience has shown that large cavities 
are washed out by the rotary drilling mud until the drilling fluid be- 
comes a saturated salt solution which weighs about 11 lb./gal. and 
contains very little mud. 

BRIDGING 


In all the air wells the holes bridged from 100 feet to 150 feet be- 
low the top of the air. When going back into the hole, it was neces- 
sary to drill or wash out one or more redbed and salt bridges from 3,200 
feet to 3,250 feet. In several wells the oil string had to be circulated 
and occasionally rotated through these bridges. The shoe used was a 
Baker rotary saw-tooth shoe with the teeth cut down to 32-inch in 
length, beveled for }-inch at a 45° angle, and hard-surfaced in a 
machine shop. This shoe was effective for drilling out bridges whereas 
before the bevel was used there was a tendency to start off in a new 
hole in one of the many large cavities. A few wells had to pull the 
casing, drill the bridges with the rotary, and re-run the casing. Had 
the present down-whirler type shoes been known at that time, they 
might have been effective for washing out the bridges. 

In Section 804 on the south, the water-hammer, after a bridge 
went out, had sufficient force to raise 3,100 feet of 3-inch drill pipe 
and a Hydril rotary table one foot, bursting a previously tested 3,000- 
psi. drilling head. 

MUD 

Because of the salt section drilled and the resultant almost satu- 
rated salt brine, mud weight could be kept at a maximum weight of 
11 lb./gal. Air pressure was often more than 2,800-psi. so 18-lb./gal. 
weighted mud would have been needed to hold the air. As often hap- 
pened, a bridge would probably form while changing the bit, the 
pressure build up below it, then break through with a terrific water- 
hammer and blow the weighted mud over the country-side. In the 
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lower-pressure air wells it was found that the air would bubble through 
103- to 11-lb./gal. salt water without unloading, whereas it would 
build up sufficient pressure and volume under mud to unload the hole. 
Drilling fluids were not always watched as closely as they should have 
been. Later developments showed the most desirable drilling fluid to 
be a saturated salt solution. Ground salt was dissolved in the mud 
before any of the salt section was drilled, thus preventing the fluid 
from dissolving the large cavities in the salt section. Zeogel, or ben- 
tonite with 1 to 5 per cent of lime, was used where the air pressures 
were sufficiently low that the air could be partly or completely mudded 
off. 
COLLAPSED CASING 

Collapsed oil strings of casing became a regular occurrence in this 
part of the field after the Devonian casing collapsed in December, 
1938. In most of the wells the casing collapsed either while the cement 
was setting or after the plugs had been drilled and 30-50 feet of new 
hole made. During March and April, 1940, the oil strings collapsed 
in several wells that had been completed for more than a year. In all 
such wells the tight place or dent in the casing was at the same strati- 
graphic point in the section, at a depth of 3,240+ feet, or approxi- 
mately 120 feet below the top of the Yates air. It has been possible 
to predict the depth of the tight place in the casing within a few feet 
from the well cuttings and the time rate of drilling. Figures 2 and 3 
show the anhydrite shell that acts as a buttress against which the 
casing is bent or dented as a result of caving beds sloughing off in the 
large washed out salt and sand cavities. Another explanation is that 
the salt beds and salt cement in the sands and shales above and be- 
low this.anhydrite shell are washed out, permitting the shell itself to 
break off and move against the casing. Surveys and casing recovered 
show a sharp kink rather than a long dog-leg as would result from 
loose unconsolidated cavings settling on all sides of the casing. 


DETAILS OF REMEDIAL PROCEDURE WHEN CASING COLLAPSED 

The Honolulu-Cascade’s Willard No. 5-741 (Figs. 1, 2, and 3) in 
the northeast corner of Sec. 741 is typical of wells with collapsed 
casing. The 9§-inch casing was cemented with 250 sacks at 2,375 feet, 
30 feet below the top of the anhydrite. Air encountered at 3,115 feet 
unloaded the hole of 10-lb./gal. salt-water drilling fluid. No foreign 
salt had been added to the mud; the salt came from the drilling of the 
salt section. After each trip the well bridged from 3,210 feet to 3,300 
feet. The bridges were 10-60 feet thick. While running the 7-inch 
casing it was impossible to circulate through a bridge at 3,220 feet; 
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the casing was pulled out of the hole, the bridges drilled with the 
rotary, and the casing re-run with a guide shoe. As the original rotary 
saw-tooth shoe had not been beveled, it had probably started to drill 
a new hole in one of the cavities when the casing was rotated and cir- 
culated in an attempt to drill through the bridge. The second attempt 
to run the casing was successful after pumping through bridges from 
3,142 feet to 3,309 feet. The hole unloaded constantly through the 
annular space. The 7-inch 24-lb. seamless casing was cemented at 
4,844 feet. The first 100 sacks of the 300 sacks of cement used were 
mixed with 2 per cent aquagel on the rare chance that some of it 
would go into the air formation. Cement slurry was kept at 16 lb./gal. 
Previous temperature surveys showed that the top of the cement is 
at about 4,150 feet, the middle of the Yoakum “Brown lime,” whether 
200 or 600 sacks of 16-lb./gal. cement slurry are used. 

Cement set for 84 hours. Casing was tested for 30 minutes under 
600-psi. pressure; there was no drop. Plugs were drilled and 37 feet 
of new hole drilled to 4,881 feet. While coming out of the hole the bit 
hung up at 3,242 feet. A new 6}-inch bit would not go down through 
this tight place. The naked 43-inch O.D. drill collar went 3 feet, slack- 
ing off a maximum of 6 points of weight. The total tight place was 
from 3,230 feet to 3,245 feet. After 30 hours the same drill collar 
would go only 18 inches, slacking off 6-8 points of weight. The drill 
collar was turned 6 turns, it backed up 13 turns, and carried marks for 
10 inches, indicating a sharp dent rather than a dog-leg. Casing had 
been carefully tallied in feet and hundreds of feet; from this, the 
tight place was found to be in the center of a joint and not in a cou- 
pling. 

The survey shown in Figure 5 was run. It verified the theory of a 
sharp dent or kink in the casing. The 3-inch O.D. instrument in the 
7-inch casing gave a modified and straighter picture of the hole than 
existed. 

Casing was gun-perforated with 5 holes from 3,264 feet to 3,265 
feet. Cement retainer was run on tubing to 3,229 feet and circulation 
established through the holes. Cement was mixed with a 5 per cent 
by weight saturated salt solution. Pressure on the casinghead between 
the 98-inch and 7-inch was maintained at 600-psi., the cement went 
in at a surface pump pressure of 400-psi. for the first 1,250 sacks when 
it began to increase steadily and the gas volume from the bleeder on 
the casinghead began to decrease, indicating that the cement was 
going into the “air” bed. The casinghead was then shut in. An addi- 
tional 473 sacks of cement were squeezed through the tubing, reach- 
ing a maximum pump pressure of 1,600-psi. Pumps were slowed while 
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flushing the cement out of the drill pipe, thus keeping the pump 
pressure on the tubing at 1,600-psi. Excess cement was circulated out 
of circulating joint from casing and tubing; circulating joint closed 
and retainer tested. Gas or “air’’ pressure on the 93-inch X7-inch 
casinghead had decreased to 590-psi. Cement slurries and salt mix- 
tures were recommended and maintained by Harry Sessums, cement- 
ing engineer of the Trinity Cement Company. 

Cement set 72 hours, the cement retainer was drilled with 6}- 
inch bit, and as the bit started to stick at 3,240 feet, 5$-inch bits were 
used to complete the hole. The smaller bits drilled out the cement 
without any trouble indicating that the pressures and cement had 
partly straightened the bent place in the casing, since the 43-inch 
drill collar had hung up prior to the squeeze job. Casing was tested for 
30 minutes before and after drilling cement with 600-psi. pump pres- 
sure. The cement job was successful as there was no pressure drop in 
either test. 

DEEPER AIR 


To complicate an already bad drilling situation, later wells at the 
south in the vicinity of Sections 804 and 825 began to have air blow- 
outs in the porous dolomite and sand beds at the top of and in the 
Yoakum “Brown lime,” an upper member of the Queen sand (average 
depth to top of Yoakum brown limestone 4,100 feet). 

This became known as the ‘‘4,100-foot air” (Fig. 2). Pressures and 
volumes were about the same as the pressures and volumes of the 
Yates air. If the shallower Yates air did not occur or had been shut 
off, this lower air, because of its greater depth, could be controlled in 
most wells by the weight of the mud column. 

The early rotary wells drilled in the air area east of the center 
line of Section 804 did not have air in the 4,100-feet or “Brown lime”’ 
as have later wells. The porosity may or may not be connected over 
the entire field. Cuttings from the few cable-tool wells in the north- 
east part of the field appear to have the same porosity in this bed but 
it is dry, containing no oil, gas, air, or water. The theory has been 
advanced that the lower air has migrated from the upper Yates section 
since it did not appear until after the Yates air had been penetrated 
in several wells completed with only two strings of casing. This theory 
can be supported by the following evidence: the redbeds from 1,500 
feet to 2,000 feet are known to cave and effectively freeze casing a 
short time after it is cemented, leaving the lower porous beds as the 
only avenue of escape for the Yates air, thus permitting the downward 
movement. Most of the wells with the upper redbeds cased off had 
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closed 3,000-psi. to 6,000-psi. test casingheads that would also permit 
the downward migration. The Yates sand itself appears to be porous 
throughout the field but contains air or gas in only a part of the field, 
not necessarily in those areas that are the highest structurally. Rather, 
it is limited to the crest of the north-northeast Yates axis near the east 
edge of the field, indicating that the porosity may be sealed locally, 
thereby trapping the air. The seal could be accomplished by the vary- 
ing amount of shale in the sand and the salt cement seen in the few 
cores of the Yates. This salt cement is washed out of the cuttings in 
both rotary and cable-tool samples leaving what appears to be a porous 
sand throughout the field. 

On the southeast edge of the field in the vicinity of Section 824 the 
lower or 4,100-foot air is present with sufficient volume and pressure 
to unload the hole if a trip is made immediately after the air is pene- 
trated and before enough additional hole has been drilled to thor- 
oughly mud off the air. This unloading was avoided by keeping the 
mud in good condition and putting on a new bit just before the air 
zone was to be drilled. The bit was not changed until the bottom of the 
hole was at least 50 feet below the air. Had the bit worn out before 
then, the hole would have been circulated near bottom for two hours 
or more before coming out. The Yates air is either absent in this area 
or its pressure and volume are so low that it is not noticed. It is the 
writer’s belief that the lower air is in place, is separate and distinct 
from the Yates air and has not migrated downward from the Yates 
sand. The somewhat spotted occurrence of the lower air is caused by 
disconnected porosity. Unfortunately, there is no record of coring 
through this part of the section. Cores would possibly show discon- 
nected porosity in the wells that have no air. Analyses of the two 
gases would probably establish their relationship, as the Permian 
gases above the “top of the lime” (San Andreas in this field) ordi- 
narily have a decreasing nitrogen content with depth. Below are two 
analyses of the upper air. 


PopBIELNIAK ANALYSIS, YATES GAS 
SECTION 696, BLock D 


Percentage 
Methane 6} 
Ethane 3/10 
Propane 2/10 
Butane 3/10 
Pentane 1/10 
Nitrogen and inert gases 923 


No helium from spectroscope analysis 


Gas IN SECTION 894, BLock D 
Nitrogen 97 
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DRILLING PROCEDURES USED TO PREVENT COLLAPSE OF CASING 


With the appearance of the lower air it became necessary to de- 
velop new methods of drilling the wells in the “air belt.”” The collapsed 
casing was not caused by using casing with too low a collapse safety 
factor. Naturally, it was realized that the use of additional strings of 
casing and the resulting larger-size holes as are used in cable-tool holes 
would be the simplest and surest insurance against collapsed oil 
strings. Unfortunately, the additional casing seemed to be by far 
the most expensive cure. 

The most conservative drilling procedure at all times is to take 
care of each troublesome zone as it occurs rather than to try to take 
care of several together at the same time. In at least one well it was 
impossible to run casing with both air bodies unloading the hole. 

It was decided that the least expensive method would be to cement 
the intermediate string of casing in the anhydrite at the base of the 
salt and squeeze-cement the air. To select the casing seat for this 
intermediate string required an exact correlation of the time rate of 
drilling and sample logs of offset and near-by wells. This work has 
been done by a geological engineer thoroughly familiar with the 
changing geological section, the drilling personnel, sampling and drill- 
ing equipment. The importance of the correct selection of this casing 
seat becomes very evident when one realizes that to drill too deep 
and penetrate the air horizon with the redbeds open means a lost 
hole or at best an expenditure of $7,000 to $10,000 for weighted mud to 
regain control of the well. To set the casing too high would result in 
the shoe joint being in salt instead of the competent anhydrite shell 
at the base of the main salt. The geologist’s personal reaction can be 
compared with smoking a cigarette on a keg of powder. 

After cementing and testing the intermediate string of 93-inch or 
78-inch casing at 3,070+ feet, the wells were drilled to 60+ feet below 
the top of the air into an anhydrite shell. A cement retainer was set 
in the bottom of the intermediate string (Fig. 4). It was found that the 
retainers could be consistently set in the bottom joint without dam- 
age, if a float shoe were used on the casing, instead of a guide shoe 
with a float collar on top of the first joint. The retainer occasionally 
hung up in the float collar thereby breaking off the brittle slips. This 
was caused by the smaller size of the hole drilled through the float 
collar by a bit whose O.D. was necessarily smaller than the I.D. of the 
casing. 

The air bed was squeezed in stages with 16+-lb./gal. cement slurry 
mixed with a 5 per cent by weight saturated salt brine to enable the 
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cement to form a bond with the salt section and also to secure the jell- 
ing effect with the resulting high angle of recline in the larger cavities. 
The drill pipe was connected to the retainer through a circulating 
joint. Pressures of 1,700-psi. to 3,200-psi. were usually needed 
to break down the formation. The first batch of cement circulated 
varied from 150 sacks to 200 sacks, the drill pipe and casing were 
flushed, and the cement allowed to set for 6 hours. Additional small 
batches of cement of about 25 sacks each were squeezed into the 
formation until the resulting pressure was in excess of the formation 
break-down pressure, indicating the formation was sealed. The seal 
was usually accomplished with a total of 350 sacks of cement in three 
batches. One well required four squeeze jobs of three batches each 
and a total of 2,200 sacks of cement before the caving formations and 
air were shut off. Including day work, cementing service, cement, 
cement retainer, and rental on the circulating joint, the average cost 
of a squeeze job was found to be $1,000. In a few wells the drill pipe 
whipped the cement squeezed into the formation until it fractured and 
allowed some of the air to come into the hole before the oil string of 
casing was run and cemented. Where sufficient air was liberated to 
unload the hole additional squeeze jobs were used until the air was 
again sealed off. A single squeeze job of three stages was successful 
on three wells but on the fourth it was necessary to perform three dif- 
ferent squeeze jobs. The cost of three squeeze jobs approached the 
cost of an additional string of casing. As already mentioned, additional 
casing would be far more desirable, dependable, and a much simpler 
procedure, free of the danger present in a squeeze job of cementing a 
string of drill pipe in the hole. 


TWO-STAGE CASING CEMENT JOBS 


Two-stage cement jobs were about 50 per cent successful in the 
areas of lower pressure and volume where it was possible to run casing 
with the Yates and Yoakum brown limestone airs occasionally accom- 
panied by gas from the gas cap unloading the hole. Many operators 
object to stage cement jobs except as a remedy for damaged casing, 
because of the holes that are either shot into or left in the casing with 
only cement to close them. On one Wasson well it was necessary to 
cement the ports twice for the second stage. A stage cementing collar 
now on the market has check valves in the ports which would remove 
this objection if the ports are not held open or fouled by cement. The 
ports are run 50 feet below the anhydrite shell at 3,240 feet (top of 
Seven Rivers formation) where the casing usually collapses. The 
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further objection to stage cementing in this field has been that no 
tension can be slacked off the casing after the cement around the shoe 
has set and before the upper stage job is performed unless 24 hours are 
allowed to elapse between the stages; this is enough time to permit 
the casing to collapse. Too much tension in the casing between two 
stages of cement would increase the possibility of collapse after the 
heat of reaction of the cement has been dissipated in the formation 
and the casing has contracted. Caving beds against a taut string of 
casing would probably part the casing. 


INTERMEDIATE LINER 


Owing to the partial success and potential cost of formation squeeze 
jobs, it was decided to run another string of casing if the cost of the 
casing could be decreased. In the Seminole field, Gaines County, 
Texas, the Amerada set 93-inch casing at the base of the salt as for a 
formation squeeze; drilled through the air and the caving zone below; 
then ran a string of 73-inch casing to bottom with a left-hand back-off 
nipple 200 feet above the shoe on the 93-inch casing. The 73-inch was 
cemented with 50 sacks of cement by the usual pump and plug 
method. This procedure was successful on the one well where it was 
used. With this casing and cement program, it is necessary to leave 
all the 73-inch casing in the hole until the oil string of 53-inch is run 
and cemented in order to prevent the lower 4,100-foot air from com- 
bining with the Yates air at 3,100+ feet and unloading, bridging, and 
tearing up the hole. After the 53-inch casing is cemented, it is neces- 
sary to turn loose of it to strip out the 73-inch casing above the left- 
hand back-off nipple. When a slender flexible string of casing such as 
52-inch is allowed to rest on the cement around the shoe with all ten- 
sion from the casinghead released there is danger of its falling into a 
salt cavity and kinking. This has happened so often in the Wasson 
field that nearly all company field men have instructions not to turn 
loose of any string of casing. If the 73-inch casing does not part at the 
nipple, it is impossible to run a casing cutter. 

To overcome these objections and pull the 73-inch above the back- 
off nipple before running the 53-inch casing it was decided to squeeze 
cement between the 93-inch and the 73-inch casing with 200 sacks of 
cement and rid the annular space of the air. This was accomplished 
by carefully checking the volumes, displacements, and pressures of 
casing, hole, and pumps. A graphical representation is shown in 
Figure 6, with the Amerada bomb temperature survey for location of 
cement as a check on the following tabulated calculations and in- 
structions: 
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INSTRUCTIONS FOR WILDER “‘B”’ NO. 12-804: 


SQUEEZE JOB BETWEEN 73-INCH CASING AND 98-INCH CASING WITH 
LEFT-HAND NIPPLE 583 FEET ABOVE SHOE, TO PERMIT PULLING OF 
7-INCH CASING BEFORE RUNNING 53-INCH OIL STRING 
After the first joint of the 73-inch is out of 93-inch casing start cir- 
culating ahead of each joint of 73-inch, do Not wait until casing 

freezes before circulating. 
DEPTH OF 73-INCH SHOE 3,318 feet. 
Start cement in hole after circulating completely around the casing. 
TOP OF LEFT-HAND COLLAR, 2,735 feet. TOP OF FLOAT COLLAR, 3,283 
feet. TOP OF HYDRIL CASING, 3,014 feet. 
1 sack fills 4.12 feet inside 73-inch casing. 200 sacks fill 824 feet inside 
73-inch casing. Cement STARTS AROUND SHOE when plug is at depth 
of 2,494 feet. (Bottom of 73-inch casing minus 824 feet.) START BLEED- 
ING g§-inch X 73-inch casinghead. 
1 sack fills 10.9 feet in annular space between 7-inch and 83-inch hole. 
SHUT IN g§-inch X 7-inch casinghead when cement is up 400 feet in 
annular space or when plug is at a depth of 2,642 feet. (Bottom of 
73-inch casing, 3,318 minus 676= 2,642 feet.) 
Pressure on cementing pump on 73-inch should rise sion 400-psi. 
MAINTAIN EQUAL PRESSURES ON g#-inch casing head and on 73-inch 
casing with Two cementing pumps, pressures will equalize at from 
1,500-psi to 2,000-psi. 

Calculation for plug depth: 
400 feet annular space + 10.9 feet/sack equals 36 sacks; 36 sacks X 4.12 
feet/sack equals .148 feet; 824 feet minus 148 feet=676 feet. 

BLEED OFF: When plug is about 300 feet above float collar, bleed 
off 1 barrel of water or fluid from 93-inch X 73-inch casinghead which 
will bring cement up an additional 60 feet in the annular space. After 
bleed-off, annular pressure will drop to about 1,200-psi. if formation 
below continues to take cement. Pressure on 7$-inch will increase to 
2,000-psi. or more and remain there. 

Bleed-off calculations: 


0.4176 cu. feet/foot volume of 83-inch hole 
—o.3192 cu. feet/foot 83-inch external volume 


0.0984 cu. feet/foot volume of annular space 


0.0984 cu. feet/foot 


5.61 cu. feet/bbl =0.017 bbls./foot. 


To raise cement 60 feet in the annular space between casings: 
60X 0.017 = 1.02 barrels to bleed from annular space. 
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TEMPERATURE SURVEY: Shut in for 8 hours and run temperature 
survey to locate top of cement. 


The cement is mixed with 5 per cent salt brine. The left-hand collar 
is on the top of a joint so as to act as an adapter for the 53-inch oil 
string (Fig. 6). Experience proved that the left-hand thread should be 
1o “‘V” thread on 8 round thread casing. The 10 “‘V” thread, though 
requiring more rotations to break, does not make up as tightly as the 
8 round thread, therefore will unscrew more easily, or if necessary the 
threads will strip before any of the regular 8 round threads on the 
rest of the string of casing. The 300 feet of 73-inch O.D. casing in the 
open 8#-inch hole must have hydril joints, be extreme line casing, or 
external flush to have safficient clearance (Fig. 6). The 73-inch casing 
on the first well froze at the stratigraphic horizon where the caving 
occurs (3,150—-3,200 feet), but was pumped free in 2 hours. On all later 
wells the swage was attached and the hole washed ahead of the 73-inch 
casing from the time the shoe entered the open hole until the casing 
seat was reached rather than waiting for the pipe to freeze and then 
attempting to free it. As in all other upper-hole casing jobs it is de- 
sirable to have the shoe joint in a thick competent non-soluble an- 
hydrite shell. This shell can be located by samples and time rate of 
drilling (Figs. 2, 3, 4, and 6). The 73-inch casing is run and cemented, 
suspended from the mandrel set in the bowl in order to squeeze ce- 
ment. There is no tension available to slack off after the initial set of 
the cement. Temperature survey is run 8-12 hours after the plug is 
pumped down. Cement is allowed to set 36-48 hours when plugs are 
drilled and drilling continued to 20 feet below the gas oil contact or to 
the selected casing seat. The 73-inch casing is then backed off and 
pulled prior to running the 53-inch oil string. The latter is run in the 
usual manner and cemented by the pump-and-plug method. 

To remove the necessity of replacing the 9$-inch X 73-inch casing 
head with a 9$-inchX 53-inch head after the upper 2,800 feet of the 
78-inch casing was salvaged, a repackable head with Santa Fe coupling 
and mandrel suspension was used. The only change necessary was to 
replace the 9§-inch X 73-inch mandrel and Santa Fe coupling suspen- 
sion with a 9§-inchX5}-inch suspension that would fit in the same 
body or bowl. The 9§-inch X 73-inch mandrel was used on many wells. 
The 6,000-psi. forged steel head with Santa Fe coupling as shown in 
Figure 7 is the type of head used and previously mentioned. 

The oil string of 53-inch was cemented with the usual tension of © 
3 inches or 3 the calculated stretch. This was released after the cement 
had set. 
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There were not as many collapsed oil strings of casing in the wells 
that used 7-inch, 24-lb. or 26-lb. casing as in the wells completed with 
52-inch, 14-lb., 15-lb., or 17-lb. casing. This indicates that the larger 
82-inch hole does not allow the mud to be blown out with as great 
velocity. The rapidly moving mud tears up the walls of the hole and 
causes caving. However, enough wells with both sizes of casing have 
collapsed to justify the liner in the areas of large air volume and 
pressure. 

CONCLUSION 


The drilling and casing method here described has been found very 
satisfactory for the following reasons: the trouble is taken care of as it 
occurs; the dangerous part of the hole is held back by a concrete and 
steel conduit; should the cement rise above the back-off nipple as 
would be shown in a temperature survey (Fig. 6), the casing can be 
cut with an expanding mill for about $200.and the major part of the 
2,800 feet, or approximately $4,000 worth, of 73-inch salvaged; it is 
not necessary to turn loose of the slender oil string to strip the 73-inch 
casing; the well is protected for its long life of sour-crude production, 
as is indicated by the present low allowables. The air, or gas, a poten- 
tially valuable source of energy, is conserved and confined to the 
zones in which it occurs, ready to be tapped for future use. 
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SOUTH COTTON LAKE FIELD, CHAMBERS 
COUNTY, TEXAS! 


JOSEPH M. WILSON? 
Houston, Texas 
ABSTRACT 


Torsion-balance work in 1934 indicated a large minimum which centered, after 
regional corrections were applied, slightly north of the present producing area. After 
two wells were drilled in the vicinity, both of which were abandoned after encouraging 
showings, the area was detailed with the reflection seismograph, using the continuous 
profile method. As the result of this work, the discovery well was located and subsequent 
development of the field showed that the seismograph gave a remarkably accurate 
picture of the structure, a faulted dome elongate east and west. 

The three producing sands are the Marginulina sand with an average of 7} feet of 
effective sand, the Frio No. 1 with 1o feet, and the Frio No. 2 with 5 feet. Each sand 
has a separate water level and oil-gas contact and all occur within an interval of about 
100 feet. The average total depth of wells is 6,500 feet. The maximum prdéducing area 
is expected to be about 1,200 acres. One deep test in the field failed to find any promising 
deeper sands. There are now 51 oil wells and two gas wells here and development is 
nearly complete. As of January 1, 1941, the field had produced 1,573,400 barrels. 


INTRODUCTION 


The South Cotton Lake field, which is located in Chambers 
County, Texas, approximately 40 miles east of Houston, is particu- 
larly interesting to geologists and geophysicists because its discovery 
is the result of the integrated effort of different types of geophysics 
and geology (Fig. 1). 


GEOPHYSICAL EXPLORATION 
TORSION-BALANCE SURVEY 


A blanket torsion-balance survey over a large section of Chambers 
County in 1934, conducted by The Salt Dome Oil Corporation, first 
located the prospect (so far as is known), which appeared to be a 
rather prominent minimum (Fig. 2). Corrections for regional gravity 
effect and the proximity of known salt masses were applied by W. R. 
Haubold and Gerhard Neumann, who conducted the work, so that 
the center of the minimum was moved nearly 2 miles S. 80° W. 
(Fig. 3). The center of the corrected torsion-balance minimum is } 
mile north of the nearest producing wells and one mile northeast of 
the top of the subsurface structure. 

Largely on the basis of the torsion-balance work, but partly be- 
cause of contributions from other companies, The Salt Dome Oil Cor- 
poration and The Gem Oil Company drilled their Lawrence No. 1 at 
the location shown, slightly east of the present producing area. It was 

1 Presented by title before the Association at Houston, April 2, 1941. Manuscript 
received, May 8, 1941. 

? Chief geologist, The Salt Dome Oil Corporation. 
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Fic. 2.—Torsion-balance map of South Cotton Lake area showing observed gradi- 
units or 1/10 milligal. Cross-hatched areas indicate present oil-producing fields. Note 
Hill salt dome in northwest corner of figure, which has shallow cap rock, appears as a 


7 
Z GZ 
foo 
| 
J-TOWNSE 
ZZ 
G 
BENJAMIN| WINFREE 
BA 
| Zp 
WS 
NN 


\ 
t 
ZE 


ents before correction for regional gravity effect was applied. 
position of large minimum about 2 miles northeast of South Colton Fake 
maximum. 


interval is 10 
e field. Barbers 


| 
| 

3 

ZN 
NS : < 
| 


ro 


8 

ATT | ]3 

ANY 

> 

= = 

<3 ou | 

zo: 3 

0 By <2 

A <3 

zz ag 

: 

Ss 

4 gs 


| 
i 


proximity of known salt masses were applied. Note how minimum smooths out and 


} 

4 

| 7 S 
>) 

» 
ZZ | = 

i a 


run poo't 
4O 


1334 “WWAW3LNI 
NOZIYOH WOLNWHd O1 fav SYNOLNOD 
AON 1d NOD WHOM / 
GOHLIW SNONNILNOD ONISN 


VWadl¥ NOLLOD HLNOS 
AQANNS NOIL937434 
y 
% 
4 


—— 40 


anvn/ 


| 


i\ 


9 
\ 5 
N 3 
4 
) 
4 fe | 
\ 33:3 
Ts 3 : 3 
\ q \ ~ A 
ah 
H \ / 
\ ANS Fe / 
we 
u \ 0 g 
& 
4 
a 
4 
4 


SOUTH COTTON LAKE FIELD, TEXAS 1905 


dry and abandoned in November, 1935, at a total depth of 7,005 feet. 
It had sufficient showings of oil to justify drilling the Lawrence No. 2, 
shown just south of the present producing area, which was completed 
in April, 1936, having an initial production of 20 barrels of pipeline 
oil per hour from a Marginulina sand at 6,651—6,660 feet. However, at 
the end of 48 hours it had gone almost completely to salt water so that 
it was killed and deepened to a total depth of 7,300 feet, without 
finding any more oil showings. It was abandoned in April, 1936. 


SEISMOGRAPH SURVEY 


In the fall of 1936, The Salt Dome Oil Corporation employed Geo- 
physical Service, Inc., to conduct a detailed reflection-seismograph 
survey of the area, using the continuous profile method. J. H. Pernell 
was party chief. The accompanying map shows the results of this 
work adjusted to a phantom horizon near the top of the Frio (Fig. 4).- 
The structural feature indicated was closure against the north side of 
an east-west trending fault, downthrown more than 350 feet on the 
south side. Both of the dry holes drilled were on the downthrown side 
of the fault. 

The first continuous profile run on this seismic work passed just 
west of the Salt Dome-Gem’s Lawrence No. 2 dry hole and continued 
slightly west of north to McCarthy’s Kilgore No. 1 producer in ‘the 
North Cotton Lake field, a distance of about 3} miles. Very little 
structural relief between the two wells was indicated, which was ob- 
viously erroneous since the electric logs and paleontology both showed 
the Salt Dome-Gem well approximately 500 feet lower on the top of 
Frio than the McCarthy well. A study of this continuous profile dis- 
closed a complete break in all reflection horizons below 4,000 feet at 
a point about 1,000 feet north of the Salt Dome-Gem well and this 
break was correctly interpreted as a fault. The fault was then crossed 
several times with continuous profiles, one of which is shown in Figure 
5. The coérdination of the geologist and geophysicist in solving this 
problem pointed to the correct structural interpretation of the seismic 
work. 

As a result of this reflection-seismograph work, the location for the 
discovery well for the South Cotton Lake field was made. It was Salt 
Dome’s Lawrence 1-A, which was completed on January 2, 1937, as a 
large gas and distillate well in the Frio sand No. 1 through perforations 
from 6,485 to 6,489 feet. It was later killed and reperforated from 
6,504 to 6,508 feet and completed, producing 111 barrels of pipeline 
oil per day through a §-inch choke. 
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Circled wells are producing from Marginulina sand. 
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STRUCTURE AND PRODUCING SANDS 


The accompanying regional structural map is drawn on top of the 
Heterostegina zone by use of 200-foot contour intervals (Fig. 6). It 
shows the proximity of the Goose Creek, Barbers Hill, Lost Lake, and 
Cedar Point fields, all on very dominant structural features, the in- 
fluence of which may account for the difficulty of locating the South 
Cotton Lake field with the torsion balance. The North Cotton Lake 
field appears to be on a structural feature of minor importance. The 
South Cotton Lake field is believed to be the result of deep salt move- 
ment. 

The electrical-log north-south cross section (Fig. 7) through the 
field indicates the three producing sands, which are the Marginulina 
sand, the Frio sand No. 1, and the Frio sand No. 2. The interval from 
the top of the Marginulina sand to the Frio sand No. 1 is 55 feet and 
from the Marginulina sand to the Frio sand No. 2 is g5 feet, so that it 
may be seen that the three producing sands are close together, al- 
though each has a separate water level and oil-gas contact. The aver- 
age total depth of producing wells in the field is 6,500 feet. 

Rather low resistivity is typically shown in the electrical logs op- 
posite the Marginulina sand although flowing oil wells free of water 
are completed in this sand. Research conducted by one electric well- 
surveying company indicated that in some oil-producing sands the 
presence of colloids, which tend to increase the connate water by ab- 
sorption, may cause low resistivity. 

The subsurface map on the Marginulina sand (Fig. 8) is drawn on 
a 1o-foot contour interval and indicates an east-west elongate dome 
or anticline with 80 or more feet of closure. The large fault, down- 
thrown on the south, on the south side of the field, indicated clearly 
in the seismograph survey, cuts off production in that direction. The 
other faults shown are of minor importance with very small displace- 
ment. The oil-gas contact in the Marginulina sand is — 6,414 feet and 
the water level is —6,450 feet, so that the oil column is 36 feet. The 
area included within the water-level contour and main fault is approxi- 
mately 1,200 acres and this represents the maximum producing limits 
of the field since the deeper sands produce over a smaller area. The 
Marginulina sand has an average thickness of 7} feet of effective sand 
and its porosity is 25-30 per cent. The probable oil-producing area in 
the Marginulina sand, not included in the gas cap, is 666 acres. Seven- 
teen oil wells have been completed in this sand. 

The Frio sand No. 1 (Fig. 9) has an oil-gas contact of —6,455 feet 
and a water level of —6,485 feet, so that the oil column is 30 feet. The 
average thickness of effective sand in the Frio No. 1 is 10 feet. Its 
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porosity is 30-35 per cent. The probable oil-producing area of the: 
Frio sand No. 1 is 467 acres. Twenty-three oil wells and two gas wells 
have been completed in this sand. 

The Frio sand No. 2 (Fig. 10) has an oil-gas contact of —6,466 
feet and a water level of —6,492 feet, so that the oil column is 26 feet. 
Its porosity is the same as the Frio No. 1 and its average effective 
sand thickness is 5 feet. The probable oil-producing area of the Frio 
sand No. 2 is 364 acres. Eleven oil wells have been completed in this 
sand. 

The three producing sands all tend to thin toward the north or 
northwest so that wells in the north part of the field have a leaner sand 
section than those in the south. In the North Cotton Lake field, 2 
miles north, it is impossible definitely to recognize any of the sands 
which produce at South Cotton Lake and they are believed to have 
probably gone out of the section. 

With approximately 350 feet of maximum throw near the center 
of the field, the main fault decreases in throw toward both ends. It 
appears to be secondary to the upward movement of the dome. The 
dip of the main fault at the center of the field for several hundred feet 
above the Frio zone is about 65°. Figure 5, the continuous profile, 
indicates a much flatter dip, but it did not cross the fault at right 


angles. 
DEVELOPMENT 


As of January 1, 1941, 1,573,400 barrels have been produced from 
all three of the producing sands. The average cost of drilling wells in 
the South Cotton Lake field was $27,500 per well and several individ- 
ual leases in the field have already paid out. Salt Dome’s Lawrence 
“D” lease, which consists of 24.5 acres and has two wells on it, has 
produced, as of January 1, 1941, 4,298 barrels per acre. Salt Dome’s 
Lawrence ‘‘C’”’ lease, which consists of 40 acres and has two wells on 
it, has produced 4,120 barrels per acre as of January 1, 1941. Oil from 
the three sands is the same, averaging 32°. The present price is $1.18 
per barrel. 

The spacing pattern for development in the field is one well to 10 
acres with a tolerance up to 20 acres and most of the wells in the field 
are drilled on the 20-acre pattern and are receiving the top allowable. 
The well allowable is based 50 per cent on acreage and 50 per cent 
per well. 

There are 51 oil wells and two gas wells in the field. The initial 
daily production of the oil wells ranges from 120 to 135 barrels on a 
34-inch choke, with the average tubing pressure ranging from 825 to 
850 pounds and the average casing pressure from 935 to 950 pounds. 
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The average gas-oil ratio is 400-500 to 1. The original average bottom 
hole pressure in the Frio sand No. 1 was 2,900 pounds and as of July, 
1940, it had decreased to 2,700 pounds. The bottom-hole pressure in 
the Marginulina sand had decreased as of July, 1940, from 2,900 
pounds to 2,575 pounds. Bottom-hole pressure figures are not avail- 
able on the Frio sand No. 2. 


DEEPER POSSIBILITIES 


Salt Dome’s Marion Williams No. 4, one of the highest wells 
structurally in the field, was drilled to a total depth of 8,520 feet and 
found the top of the Textularia warreni zone at 8,301. Due to heaving 
shale the electrical log could not be run below 8,257 feet so nothing is 
known of any possible sand development in the Vicksburg. Numerous 
other Frio sands were found below the known producing sands but 
none indicated favorable production possibilities. This well was 
plugged back and completed in the Frio sand No. 2. 


STRATIGRAPHY 
A generalized section in the South Cotton Lake field follows. 
Depth 
in Feet 


Beaumont clay, Pleistocene, on surface 
o-3,000 Pleistocene and Pliocene undifferentiated 
-5,500 Miocene 
~8,520+ Oligocene 
Depths in Feet to Tops of Zones or Sands 


5,600 Discorbis zone 
5,900 Heterostegina zone Heterostegina limestone, which averages about 1o feet in 
thickness, is at or near top of this zone 

6,220 Marginulina zone 

6,405 Marginulina producing sand 

6,460 Frio zone and top of Frio sand No. 1 

6,500 Frio sand No. 2 

8,301 Vicksburg or Textularia warreni zone 

The accompanying isopach map (Fig. 11) which is contoured on 

the interval from the Heterostegina limestone, an easily recognized 
marker on the electrical logs, to the top of the Frio sand No. 1 indi- 
cates an east-west elongation and suggests the appearance of the 
structure before faulting had progressed to its present development. 
A large part of the structural movement is believed to have taken 


place in the isopach interval. 
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RELATION OF ORGANIC MATTER TO 
COLOR OF SEDIMENTARY ROCKS! 


H. WHITMAN PATNODE? 
Washington, D. C. 


ABSTRACT 


Sedimentary rocks may be classified as to color by their reflectivity, which is the 
percentage of light that they reflect. Compilation of measurements of about 3,000 
samples shows that light-colored sediments have a low organic content and dark-colored 
sediments a high organic content. Since the organic content of sediments can not be 
measured directly, the reduction number and the nitrogen content, which are measures 
of the organic content, were used in the compilations. The data show that the relation 
of reflectivity to reduction number and reflectivity to nitrogen content vary with 
respect to the ratio of nitrogen to reduction number; sediments of the same color which 
have low reduction numbers being relatively rich in nitrogen, and conversely, sediments 
having high reduction numbers being relatively poor in nitrogen. The reflectivity of 
sediments is not only affected by the quantity of organic matter present, but also by the 
texture and the content of mineral pigments. A regional classification of the samples 
indicates that the average organic content of sediments of the same color is not the 
same for all areas. Despite the influence of several factors upon the color of sediments, 
measurements might be used advantageously to supplement descriptions of well 
samples and also as an aid to correlation. 


INTRODUCTION 


For several years the American Petroleum Institute and the United 
States Geological Survey have been sponsoring jointly an investiga- 
tion of source beds of petroleum. In the course of the study, many 
properties regarding the organic matter in sediments have been con- 
sidered. These include the reduction number, nitrogen content, and 
color. 

Geologists have long recognized that dark-colored sediments are 
relatively rich in organic matter and that light-colored sediments 
contain relatively little. For this reason many geologists favor black 
shales as most likely source beds of petroleum.’ Color has been pre- 
viously shown to vary with respect to the organic matter in sedi- 
ments,‘ but it was considered desirable to investigate the relation of 
the color of sediments to the contained organic matter on a more 
quantitative basis. 


1 Manuscript received, May 4, 1941. 
2 Research associate, American Petroleum Institute, United States Department of 
the Interior, Geological Survey. 


3 L. C. Snider, “Current Ideas Regarding Source Beds for Petroleum,” Problems 
of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), p. 62. 


4D. S. Hager, “Factors Affecting the Color of Sedimentary Rocks,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 12, No. 10 (October, 1928), pp. 901-38. 


5 P. D. Trask and H. W. Patnode, ‘Means of Recognizing Source Beds,” Drilling 
and Production Practice (Amer. Petrol. Inst., 1936), pp. 368-84. 
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MEASUREMENT OF COLOR 


The color of an opaque material is dependent on the light rays 
that it reflects. Among the numerous descriptive properties of color 
are hue and intensity. Hue here refers to the spectral color such as 
red or green, and intensity to the amount of light reflected, that is, 
whether a substance is dark or light. As most sediments are gray, it 
was thought practicable to neglect the hue and to classify them as to 
color by the amount of light that they reflect. 

The relative amount of light that a substance reflects is called the 
reflectivity. The reflectivity can be measured by means of an instru- 
ment called a reflectometer. Measurements are based on magnesium 
oxide which has a reflectivity of 100 per cent. Dark substances have a 
low reflectivity and light substances a high reflectivity. For example, 
the reflectivity of ordinary bond paper is about 75 per cent, whereas 
for lampblack, it is about 2 per cent. The reflectivity of a substance 
may vary with the conditions under which it is observed. For example, 
the reflectivity of a rough coat of paint would be different from the 
reflectivity of a smooth coat of the same paint. Also, a thin coat of 
white paint would not have the same reflectivity as a thick coat of 
the same paint if each were applied over a black surface. 

Use of reflectometers has practical application in industry as a 
method of standardizing materials such as paint and paper. The in- 
strument used for the determination of the reflectivity of sediments 
was constructed for the specific purpose of making rapid measure- 
ments on small quantities of material. This device is relatively crude, 
as the probable error of the determinations is estimated to be about 
2 per cent; but, because of the nature of the work, greater accuracy 
was not essential. The instrument used is similar in operation to the 
common colorimeter. A single light source is directed upon two cir- 
cular areas, each about 3 centimeters in diameter, which reflect the 
light upon adjacent parts of a ground glass. The sample is placed in 
one area and a graduated scale of known reflectivities is moved across 
the second area until the intensities of light on the two parts of the 
ground glass are balanced, at which point the scale is read. As re- 
flectometers are rather common, the writer does not feel that this 
specific instrument merits further description. 

Measurements were made on sediments that were dried at room 
temperature and ground to pass a 60-mesh screen. A smooth reflecting 
surface was prepared by pressing out a quantity of the powder with 
a glass plate. The surfaces thus obtained are believed to be rather 
uniform, except for sandy samples. The thicknesses were kept great 
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enough so that the reflectivity was not affected by the nature of the 
background. The method is rapid and determinations are readily 
duplicated. 

The reflectivity of more than 3,000 samples was measured. These 
samples were picked at random from many thousands of well cuttings, 
without regard to the location of the wells or the formations that the 
wells penetrated, other than to make the selection as wide and varied 
as possible. Many lithologic types of numerous ages and environments 
are represented. Sediments with hues other than gray were not 
measured. 

The reflectivity of sediments considered in this study ranges from 
about 8 to 66 per cent and the average is 31 per cent. Nine-tenths of 
the sediments have reflectivities between 18 and 49 per cent and half 
of them have reflectivities between 25 and 35 per cent. 


MEASUREMENT OF ORGANIC CONTENT 


As the total quantity of organic matter in a sediment can not be 
measured directly, the reduction number and the nitrogen content, 
which are rough indices of the organic content, were determined. The 
reduction number is the number of cubic centimeters of 0.4 normal 
chromic acid that is reduced by 100 milligrams of sediment under 
standard conditions.® A description of the samples that were examined 
and the data used in this investigation are included in a report on 
source beds.” 


RELATION OF COLOR TO REDUCTION NUMBER 


Figure 1 is a scatter diagram showing the relation of reflectivity to 
the reduction number. The data are plotted on semi-logarithmic paper. 
The ordinate is an arithmetic scale of the percentage of reflectivity 
and the abscissa is a logarithmic scale of the number of units of re- 
duction number. Each dot represents one sample whose reduction 
number is indicated by the horizontal scale and whose reflectivity is 
shown by the vertical scale. The scatter diagram indicates a definite 
relation between the reduction number and the reflectivity, although 
the data are widely scattered. Dark sediments with low reflectivity 
have high reduction numbers, and sediments with high reflectivity 
have low reduction numbers. 

6 P. D. Trask and H. E. Hammar, ‘Degrees of Reduction and Volatility as Indices 


of Source Beds,” Drilling and Production Practice, 1935 (Amer. Petrol. Inst., 1936), pp. 
250-56. 


7P. D. Trask and H. W. Patnode, Source Beds of Petroleum (Amer. Assoc. Petrol. 
Geol., in press). 
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Fic. 1.—Scatter diagram representing quantitative relation between reflectivity and reduction number of about 
3,000 samples of lithified sediments. 
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In studying relationships, it is often desirable to group the data 
into classes of data forming a quantitative series.* For that reason, 
the actual measurements of reduction number were not considered 
with respect to the actual reflectivities. Rather, the reduction numbers 
were placed in a number of classes according to their size. For example, 
some of the classes were .20 to .22, .50 to .55, 1.00 to 1.20, and 4.50 
to 5.00. The reflectivities were likewise placed in classes that included 
a 2 per cent range. Some reflectivity classes, for example, were 25 to 
27 per cent, 27 to 29 per cent, and 29 to 31 per cent. By using this 
method of grouping, the scattered array indicated in Figure 1 may be 
summarized in two ways. One is to relate the measured reflectivity to 
the average (median) reduction number, and the other is to relate the 
average reflectivity to the actual reduction number. In Figure 2, the 
black dots represent the average (median) reduction number for each 
class of reflectivity. The solid line controlled by these points is a line 
of average relationship and is called the regression of R (reduction 
number) on J (reflectivity).® The open circles are average reflectivities 
for each class of reduction number. The dashed line controlled by 
these points, also a line of average relationship, is the regression of 
I on R. The point at which the regression lines cross is the average 
reduction number and the average reflectivity of all samples. The 
average reduction number is about 1.00 and the average reflectivity 
31 per cent. The angle at which the regression lines cross is an index 
of the reliability of the relationship. If the relationship were perfect, 
the lines would coincide; if there were no relationship, the lines would 
be at right angles. In this paper the discussion is confined primarily 
to the variations of organic matter with respect to the measured color 
as indicated by the regression of R on J. The distribution of reduction 
numbers and reflectivities of the samples that were examined is also 
shown in Figure 2. An ideal frequency curve of the reduction numbers 
is drawn at the base of the figure, and an ideal frequency curve of the 
reflectivities appears at the right of the drawing. The number of 
samples represented by any point on the curves can be ascertained 
from the scale indicated by the numbers marked within the curves. 


RELATION OF COLOR TO NITROGEN CONTENT 


The nitrogen content of the sediments was also plotted against the 
reflectivity and showed the same general relation to color as the re- 
duction number. Dark sediments have a high nitrogen content and 
light sediments a low nitrogen content. 

8 R. E. Chaddock, Principles and Methods of Statistics, pp. 43-52. Houghton, Mif- 
flin Company (1925). 

®R. E. Chaddock, op. cit., p. 264. 
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Fic. 2.—Relation of reflectivity to reduction number. Diagram is statistical summary of Figure 1. 
Heavy solid line indicates relation of median reduction number to measured reflectivity. Heavy dashed 
line indicates relation of measured reduction number to median reflectivity. Curved line at base of dia- 
gram is ideal frequency curve of reduction numbers. Curved line at right of figure is ideal frequency 
curve of reflectivities. Number of samples represented by any point on curves is indicated by vertical 
scale drawn within curves. 
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FACTORS INFLUENCING RELATION OF COLOR 
TO ORGANIC MATTER 


The deviation of some reduction numbers from the mean trend, as 
shown by Figure 1, suggests that color is not a direct index of the 
organic content of sediments. The relation of color to organic matter, 
however, is probably closer than the data indicate. There are several 
factors that are responsible for much of the deviation of the data from 
the average relationship. 

NATURE OF DATA 


The reliability of any relationship is directly influenced by the 
accuracy of the data. The data used are believed to be generally re- 
liable. Some variations are introduced by the inaccuracies of the re- 
flectivities as determined. The eye can detect differences in the low 
reflectivities much more readily than in the high reflectivities. This 
probably accounts for some of the scattering in the high reflectivities. 
As the reflectivity of a substance varies with its surface, the reflec- 
tivities would vary to some extent with the texture of the samples. 
Also, the actual relation of color to the total organic content would 
not be exactly the same as the relation of color to reduction number or 
nitrogen since these are only rough indices of the organic content and, 
moreover, the individual determinations are subject to some error. 


NITROGEN-REDUCTION RATIO 


The ratio of 100 times the nitrogen content to the reduction num- 
ber is called the nitrogen-reduction ratio. This ratio varies with differ- 
ent sediments and the average for lithified sediments is about 6.0.! 
The variation of the reduction number and the nitrogen content to 
color with respect to the nitrogen reduction-ratio was considered. 

In relating the reduction number and the nitrogen content to re- 
flectivity, the samples were divided into two groups. One group con- 
sisted of those samples having a nitrogen-reduction ratio of less than 
5.0; the other group of samples with a nitrogen-reduction ratio greater 
than 5.0. The reduction number and the nitrogen content of those 
samples having a nitrogen-reduction ratio of less than 5.0 were plotted 
against the reflectivity of the samples. Those sediments having a ratio 
greater than 5.0 were also plotted against the reflectivity. The average 
nitrogen content and the average reduction number of these groups 
were determined for each class of reflectivity. For example, 317 
samples were found to have a reflectivity between 33 and 35 per cent. 
The median reduction number of these samples is .79. Of the 317 


10 P, D. Trask and H. W. Patnode, op. cit. 
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Fic. 3.—Median reduction number and median nitrogen content related to measured reflectivity 
with respect to nitrogen-reduction ratio. Averages are determined for those reflectivities for which there 
are 100 or more observations. Dashed lines marked N, refer to nitrogen and solid lines, marked R, refer 
to reduction number. 
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samples, 103 have nitrogen-reduction ratios less than 5.0 and 214 have 
ratios greater than 5.0. The average reduction number of those 
samples whose ratio is less than 5.0 is .96, and the average of those 
whose ratio is greater than 5.0 is .73. The average reduction number 
and the average nitrogen content of the samples with ratios greater 
than 5.0 and less than 5.0 are plotted in Figure 3, together with the 
average reduction number and the average nitrogen content of all 
samples. This figure shows that the average reduction number of 
samples having a nitrogen-reduction ratio of less than 5.0 is con- 
sistently greater than the average reduction number of samples having 
a nitrogen-reduction ratio greater than 5.0. The inverse is true of the 
nitrogen averages for the two groups. Sediments of the same.color, 
therefore, are relatively poor in nitrogen when the reduction number 
is high, and relatively rich in nitrogen when the reduction number is 
low. The variation of the ratio of nitrogen to the reduction number in 
sediments is partly responsible for the scattering of the data as shown 
in Figure 1. 
TEXTURE 

The organic content of sediments varies with the texture.” Sands 
are poor in organic matter, whereas the organic content of clays is 
high, although the quantity of organic matter in sediments of like 
texture may differ considerably. The effect of texture on the relation 
of color to reduction number was determined for California sediments. 
The textures of these samples were roughly divided by Trask into 
several arbitrary classifications from sand to fine clay. The relation of 
the average reduction number of three of the common textures to 
reflectivity is indicated in Figure 4. Only the general relationship of 
reduction number to texture with respect to color could be determined 
from the available data. The data, as plotted in Figure 4, show that 
for a given color, coarse sediments have a smaller reduction number 
and, therefore, contain less organic matter than fine sediments. The 
diverging trends of average reduction number for each class of texture 
suggest that variations in texture introduce a greater error in the 
relationship of reflectivity to reduction number in the lighter sedi- 
ments than in the darker sediments. The scatter shown in Figure 1 
is, at least in part, caused by variations in texture. 


OTHER COLORING AGENTS 
Calcium carbonate, due to its fine texture and whiteness when 
powdered, probably causes limestone and chalk to have a higher re- 


uP, D. Trask, Origin and Environment of Source Sediments of Petroleum, p. 18. 
Gulf Publishing Company (1932). 
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flectivity than clastic sediments containing the same amount of or- 
ganic matter. Pigments other than organic matter, such as ferrous and 
ferric compounds, also influence the reflectivity to some extent. 
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Fic. 4.—Median reduction-number related to measured reflectivity with respect 
to texture. Each line represents relation of median reduction number to reflectivity of 
sediments of same texture. 


REGIONAL VARIATION 


The samples of sediments that were examined came from 6 major 
oil-producing provinces—California, Rocky Mountain, Mid-Conti- 
nent, East Texas, Gulf Coast, and Appalachian. The average nitrogen 
content and the average reduction number for each class of reflectivity 
were determined for sediments from each of the six areas. The average 
reduction number of sediments of the same color from each province 
is plotted with respect to the reflectivity in Figure 5. The circles repre- 
sent the median reduction number for each class of reflectivity and the 
connecting lines indicate the trend of the relationship for sediments 
from the 6 petroliferous regions. Each median represents the average 
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of at least 10 observations, but the data are not sufficient to indicate 
more than the general trend. 
The relation of reduction number to reflectivity varies in sediments 
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Fic. 5.—Median reduction number related to measured reflectivity of 
sediments from 6 oil-producing regions of United States. 


from the different areas. The average reduction number of California 
deposits, for example, is greater than the average reduction number 
of Mid-Continent sediments of the same color. Likewise, summaries 
that were made, but omitted from this article, show that the average 
nitrogen content of California sediments is greater than the average 
nitrogen content of Mid-Continent sediments of the same color. As ni- 
trogen and the reduction number are measures of the organic content, 
it follows that the California sediments have a greater organic content 
than Mid-Continent sediments of the same color. These differences 
in the average organic content of sediments of the same color in the 
six regions may be due to a single factor or to a combination of several 
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factors such as variations in the texture of the samples and the char- 
acter of the organic constituents. 


APPLICATION OF COLOR MEASUREMENTS 


Although the relation of color to the organic content of sediments 
is subject to several factors as discussed above, color determinations 
could be used advantageously in some areas to supplement descrip- 
tions and records of well samples. A definite measure of the color might 
be preferred to such terms as light gray, dark gray, and black. Figure 6 
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Fic. 6.—Vertical variation of reduction number and reflectivity of samples from 
interval between base of Berea sand and top of the Onondaga limestone in Benedum 
and Trees’ Hill well No. 1 in Kanawha County, West Virginia. 


shows a reflectivity log of 50 samples from the Benedum and Trees’ 
J. A. Hill well No. 1 in Kanawha County, West Virginia. The interval 
represents the Upper Devonian shale section between the base of the 
Berea sand and the top of the Onondaga limestone. The reduction 
number, which serves as an index of the quantity of organic matter in 
the sarnples, is also plotted in order to demonstrate the general relation 
of color to organic content in a single well. The similarity of the curves 
indicates that the reflectivity can be used to record roughly the rela- 
tive variation of the quantity of organic matter through a single sec- 
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tion. In fact, the reflectivity or some other measure of the organic 
content, such as the reduction number, might be helpful in correlating 
sediments in some areas. In attempting to use the reflectivity of sedi- 
ments as a quantitative measure of the organic matter, however, it 
should be born in mind that the relationship is not linear and, more- 
over, is subject to the several variations previously discussed. 
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GEOLOGICAL NOTES 


MIGRATION OF OIL FROM ARBUCKLE LIMESTONE INTO 
CHATTANOOGA SHALE IN CHETOPA OIL POOL, 
LABETTE COUNTY, KANSAS! 


G. E. ABERNATHY? 
Pittsburg, Kansas 


Wells drilled in the Chetopa oil pool in southeastern Kansas (Sec. 
36, T. 34 S., R. 20 E., Labette County) indicate that oil has migrated 
from the Arbuckle limestone into the lower part of the overlying Chat- 
tanooga shale. Inasmuch as some geologists believe that oil in certain 
Arbuckle limestone reservoirs originated in the Chattanooga shale, 
the conditions found in the Chetopa pool are especially interesting. 

The oil-bearing zone in the Chetopa pool lies at or near the uncon- 
formable contact of the Arbuckle limestone, of Ordovician age, with 
the overlying Chattanooga shale of late Devonian (?) age. The oil 
zone lies about 850 feet below the surface and is 6 to 30 inches thick. 
In part of the pool the Chattanooga shale lies directly on the oil- 
bearing zone, but in most of the producing area the Chattanooga is 
separated from the “pay” by a “cap rock” that is about 2 feet thick. 
The oil-bearing rock consists of soft porous to cavernous dolomite 
containing numerous calcite crystals and a small amount of white 
chert and sand. The “cap rock” is a dolomite like the oil-bearing zone 
except that it is denser, harder, and contains more chert. It is a very 
impervious rock. 

Wells that encountered “‘cap rock” on the higher park of the struc- 
ture found oil just below the “‘cap rock.” The oil was under pressure 
ranging from 300 to 400 pounds per square inch and some of these 
wells flowed for a time. Wells that failed to encounter the “cap rock” 
passed from the Chattanooga shale directly into oil-bearing porous 
dolomite, but these wells failed to produce oil, even though some of 
them were well located on the structure and though the Chattanooga 
shale in each well was so saturated with oil that it oozed out when the 
shale was squeezed in the hands. In contrast to the oil-saturated con- 
dition of the shale in these wells, the Chattanooga shale in the wells 
that penetrate a “cap rock” seems to contain no oil and it does not 
emit an oily odor. 

1 By permission of the director of the Kansas Geological Survey. Manuscript re- 
ceived, July 24, 1941. 

? Kansas Geological Survey. 
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Wells drilled within a few miles of the Chetopa pool have not been 
oil producers, but wells that were drilled on favorable structure failed 
to encounter a “cap rock” above the oil-producing zone of the 
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K'd'k 


Sandstone 

Shale 

Black shale 
Limestone 
Cherty limestone 
Dolomite 


Kdk Kinderhook 
Fic. 1.—Generalized geological section of Chetopa oil pool. 


ORDOVICIAN 


Arbuckle, and the overlying Chattanooga shale was found to be well 
saturated with oil and produced a good oil showing. Wells that were 
not favorably located on structure not only failed to produce oil, but 
the Chattanooga shale was found not to be oil-bearing and it emitted 
no oily odor regardless of the presence of a “cap rock.” 
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These facts indicate that in the portion of the Chetopa oil pool con- 
taining no ‘‘cap rock” the oil has migrated from the oil-bearing zone 
of the Arbuckle limestone into the overlying Chattanooga shale. The 
Chattanooga shale in this pool and elsewhere in the vicinity consists 
of dense black fissile shale 8 to 20 feet thick. The shale has less porosity 
than the underlying Arbuckle limestone, but it does not contain any 
water, and on sharp folds probably has numerous joint planes that 
would allow oil to migrate into the shale. 

The oil in the Chetopa pool and in other Arbuckle limestone pools 
in southeastern Kansas is peculiar in that it contains none of the lighter 
fractions (gasoline) that are common to most crude oil of the region. 
It is marketed for Diesel fuel. 

The following analysis of oil produced from the discovery well of 
the Chetopa pool was made by the Kansas City Testing Laboratory, 
Kansas City, Missouri. 


ANALYSIS OF OIL FROM CHETOPA PooL 


Miash point (Cleveland open Cup)... 230°F. 
Fire test (Cleveland open Cup). 260°F. 
Saybolt Universal viscosity at 100°F.....................-000 143 
British thermal units per gallon at 60°F.....................4. 144,668 


Specific gravity 
A. P. I. gravity 


The analysis of the water from the oil-producing zone is significant 
because of its small content of dissolved solids. A sample collected by 
the writer from a depth of 904 feet in the Chetopa Oil and Gas Com- 
pany well in Sec. 36, T. 34 S., R. 20 E., Labette County, Kansas, and 
analyzed by R. T. Rolufs, for the Missouri Geological Survey and 
Water Resources, showed the following composition. 


ANALYSIS OF WATER FROM CHETOPA POOL 


| 

0.907 

° { 

24.5 

25.0% 
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Sodium (Na) potassium (K) as Na............... Sor.5 


Sample from Cotter formation (Canadian system of E. O. Ulrich). Gravity of oil, 27°-28°. 


TEMPERATURE MEASUREMENTS IN WELLS IN 
SOUTHEASTERN TURKEY! 


CEVAT EYOUB TASMAN? 
Ankara, Turkey 


The accompanying table gives the temperature measurements ob- 
tained in the three Ramandag wells in southeastern Turkey, which, 
on account of the abnormally high gradients indicated, are worth 


recording. 

Ri Rs 
Average of two thermometers, °C.............. 72.4 78.3 74-7 
Average annual temperature of region, °C....... 16 16 16 
Temperature gradient in meters per °C......... 17.20 17.35 17.58 
Temperature gradient in feet per °F............ 31.3 31.6 32.0 


The average of 1° rise in temperature per 31.6 feet may be com- 
pared with the table presented by C. E. Van Orstrand? in Problems of 
Petroleum Geology, where he gives the temperature gradients in 670 
wells in 23 states. In his table, the steepest gradient recorded is 1°F. 
per 20.4 feet in the shallow Hughes well No. 1 at Lost Soldier, Wyo- 
ming. The lowest gradient is in a well in Albany, Alabama, where, in 
another comparatively shallow well, a gradient of 1°F. per 251.0 feet is 
observed. (An extremely shallow well at Klamath Falls, Oregon, has a 
gradient of 1°F. per 16.6 feet.) 

The results from nearly 700 wells show only 40 records of a tem- 
perature gradient less than 1°F. per 31.6 feet. 

1 Manuscript received, August 19, 1941. 2 M.T.A. Petrol Grubu Direktérii. 


3C. E. Van Orstrand, “Temperature Gradients,” Problems of Petroleum Geology 
(Amer. Assoc. Petrol. Geol., 1934), p. 1021, Table III. 
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1938 GEOLOGICAL NOTES 


WILDCAT DRILLING IN 1940—CORRECTION! 


FREDERIC H. LAHEE? 
Dallas, Texas 


Corrections are to be made in the article, “Wildcat Drilling in 
1940,” published on pages 997 to 1003 in the June, 1941, number of 
the Bulletin (Vol. 25, No. 6). 

Unfortunately, an error was made in the total footage of dry holes 
drilled in Alabama, as shown in Table I on page 1000 of the Bulletin 
for 1941. The figure is there shown as 151,493, both under the column 
headed “Dry Footage Drilled” and under the column “Total Footage 
Drilled.” In each of these places the total dry footage should be 42,415 
feet. The total of the first column should read 8,733,340 instead of 
8,842,418, and the total of the second column mentioned should be 
10,144,870 instead of 10,253,948. Due to this error, several corrections 
are made necessary in other parts of this article as follows. 

Change the abstract to read ‘The total number of wildcats drilled 
in 1940 was 3,038, and the footage drilled was 10,144,870, as con- 
trasted with 2,589 holes and 8,624,602 feet, respectively, in 1939. The 
average depth of hole increased from 3,331 feet to 3,339 feet for all 
states, and from 4,145 feet to 4,209 feet in the southern states.” 

In Figure 1, change the lowest right-hand figure in the parenthesis 
to read 8,733,340 instead of 8,842,418; and change the figure under the 
line in Alabama to read 42,415 instead of 151,493. 

In Figure 2, again in Alabama, change the figure under the line to 
read 42,415 instead of 151,493. Change the figure under the line, in 
parenthesis, on the right side of the map, to read 5,251,273 instead of 
5,300,351. Also change the figure for dry feet to read 5.71 instead of 
5-83. 

Change the last two paragraphs on page ggg to read as follows. 

“Tn the states covered in this review, as shown in Figure 1, and 
listed in Table I, during 1940 a total of 10,144,870 feet was drilled in 
3,038 holes, divided as follows. 

1,411,530 feet 
This means that 12.05 per cent of the holes drilled, and 13.91 per cent 
of the footage drilled, was successful in 1940. The average depth of 
hole was 3,339 feet. 


1 Manuscript received, September 10, 1941. 
2 Chief geologist, Sun Oil Company. 
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“Tn the southern states district (Fig. 2), in 1940, a total of 6,170,779 
feet was drilled in 1,466 holes, divided as follows. 


919,506 feet 


In this area, then, 12.76 per cent of the holes drilled, and 14.90 per 
cent of the footage drilled, was successful. The average depth of hole 
was 4,209 feet. For comparison with statistics for this same area in 
1938 and 1939, see Table II.” 

In Table II, on page 1001, the figure under “Per Cent Footage of 
Producers,”’ in 1940, should be 14.9 instead of 14.6; the total dry-hole 
footage in 1940 should be 5,251,273 instead of 5,360,351; and the per 
cent dry-hole footage in 1940 should be 85.1 instead of 85.4. In the 
same table, under “Average Depth of Hole,” the figure should be 
4,209 instead of 4,284, in 1940, and in the last column in this table the 
figure should be 5.71 instead of 5.83. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and available, for 
loan, to members and associates. 


SUBMARINE TOPOGRAPHY OFF THE CALIFORNIA COAST: 
CANYONS AND TECTONIC INTERPRETATION, BY 
FRANCIS P. SHEPARD AND K. O. EMERY 


REVIEW BY JOHN L. FERGUSON! 
Tulsa, Oklahoma 


“Submarine Topography off the California Coast: Canyons and Tectonic 
Interpretation,” by Francis P. Shepard and K. O. Emery. Geol. Soc. 
America Spec. Paper 31 (New York, 1941). 171 pp., 4 charts, 19 pls. 
42 figs. 

Protagonists in the battle of submarine canyons have cause to cheer over 
the tremendous addition to their meager supply of ammunition furnished by 
Shepard and Emery in this timely volume recording and interpreting sound- 
ings and other submarine information off the California Coast. 

For more than 50 years there has been speculation about the significance 
of submarine canyons, but all discussion of the subject has been greatly ham- 
pered by the lack of accurate maps of submarine topography. Recently 
through the development of echo-sounding and radio-acoustic ranging devices, 
it has become possible to secure quickly a multitude of accurately measured 
and located depths out to distances as much as 200 miles at sea. New Govern- 
ment charts with revised soundings are being published as rapidly as possible, 
submarine topographic maps are in process of construction, and interpretive 
studies are under way. 

In 1939, the Geological Society of America published Special Paper 7, 
by Veatch and Smith, giving results of the first broad study of accurate sound- 
ings. This report dealt with data secured off the New England and North 
Atlantic states coastline, and included five large contoured charts giving 
depth data and topographic interpretation. Now the Society has published 
Special Paper 31 giving the results of a similar broad study by Shepard and 
Emery of data secured off the coast of California. 

In this report of the progress of studies which have been carried on by Dr. 
Shepard since 1933, there is presented a set of four colored bathymetric charts 
giving a contoured interpretation of the submarine topography along the 
entire coast of California. These charts are used as the basis for the explana- 
tory and interpretive text of 171 pages, which is divided into four parts, the 
tirst two being presented by the joint authors and the last two by the senior 
author. 

Part 1, entitled “Bathymetric Charts,” deals briefly with the methods and 
problems of securing, assembling, and contouring the data, and divides the 
submarine area of California into six provinces. Part 2, “Tectonic Interpreta- 
tions of the Topography,” discusses the topographic features by provinces 
and the tectonics involved in their development. Part 3, ‘‘California Submar- 


1 Amerada Petroleum Corporation. Manuscript received, August 19, 1941. 
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ine Canyons,” discusses in detail the physical condition of the canyons, their 
topographic expression, courses, gradients, condition of walls and floors, ero- 
sional and depositional processes, and currents. Part 4, “Origin and History 
of Submarine Canyons,” is an analysis by Dr. Shepard of the various forces 
which have been called upon by different students to initiate and develop 
the canyons. 

The charts present an interesting variety of topography, ranging from the 
intensely irregular southern California area to the monotonous shelves and 
slopes of the area north of the Gorda Escarpment. Diverse submarine canyons 
are shown, and in the text many of them are presented in detail with maps 
based on special soundings, with cross sections and profiles. The results of 
dredging expeditions, submarine coring operations and canyon-floor current 
observations are faithfully recorded, and their relation to the development of 
the topography is discussed. The presentation of the factual data is excellent 
and will serve as an excellent tool for all workers on the interpretive phase 
of this problem. 

In his discussion of the various forces which have been invoked to account 
for the development of submarine canyons which extend from sea-level to 
depths below 7,000 feet, Dr. Shepard presents successively the points in favor 
of, and in opposition to, each hypothesis in a fair manner, discussing in order: 
diastrophic origin, excavation by currents, artesian spring sapping, submarine 
mudflows and landslides, tsunamis (scismic sea waves), and excavation by 
rivers. He finds serious objections to all these methods as sole origins, but in- 
clines strongly to sub-aerial erosion as the main cause. 

Fifty-five pages are devoted to developing the hypothesis of worldwide 
erosion by rivers active in the pre-Wisconsin Pleistocene, postulating a with- 
drawal of water to a depth of 3,000 feet in order to supply the ice caps and 
to serve as a trigger to set off additional bulging of the continental margins 
which would permit sub-aerial excavation of canyons to a depth of 7,000 feet 
as the ice caps melted. Observed facts are admitted by Shepard to interfere 
greatly with the development of an ice cap of the necessary dimensions to 
divert this quantity of sea water, and he concludes that “the great magnitude 
of changes of sea-level necessary to account for the universality of the canyons 
is scarcely comprehensible in view of the difficulty of disposing of the sea 
water.” 

In a final development of a possible sequence of events which might have 
produced the great Monterey Canyon system, Shepard combines several 
forces to produce its present topographic expression, but he admits his un- 
certainty by stating that ‘‘no very complete knowledge of Monterey Canyon 
is likely to be forthcoming unless someone can devote years of study and an 
enormous amount of money to the purpose.” 

It seems to this reviewer that Shepard and Emery have observed an im- 
portant fact in their dredging and coring operations—namely, that the 
canyons are largely swept free of sediments. This means that vast quantities 
of cobbles, sand, silt, and mud, eroded from the land since Pliocene time, 
have traversed these canyons far out to sea. The movement of this material 
under the influence of density currents, landslides, and tsunamic movements 
must have great erosive power, and it seems conceivable that such action 
could initiate and develop the meandering V-shaped, dendritic gorges found 
along the continental fringes throughout the world. 
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Whatever be the correct interpretation of these submarine phenomena, its 
discovery will be based on the continued accumulation of accurate and diverse 
submarine data, secured in a ceaseless struggle with a vast, restless, and antag- 
onistic ocean, by a hard-working, enthusiastic research group, as exemplified 
by Francis P. Shepard and K. O. Emery. 


OIL AND GAS FIELD DEVELOPMENT IN UNITED STATES, 
1940, BY NATIONAL OIL SCOUTS AND 
LANDMEN’S ASSOCIATION 


REVIEW BY JOSEPH L. BORDEN! 
Tulsa, Oklahoma 


Oil and Gas Field Development in United States, 1940, by National Oil Scouts 
and Landmen’s Association. Edited under direction of W. E. Tracy and 
E, J. Raisch. Year book 1941 (review of 1940). Vol. XI. 664 pp. (7.75 
10.50 inches), maps, tables, charts. Published by National Oil Scouts 
and Landmen’s Association, Austin, Texas. Price, $7.50, cloth bound. 


The eleventh annual report of the National Oil Scouts and Landmen’s 
Association contains 664 pages of facts. In the preface the editor states that an 
effort is made to cover all phases of the petroleum industry except refining 
and marketing. A thorough and detailed report is given covering (1) prospect- 
ing, (2) leasing, (3) drilling or development, (4) production, and (5) transpor- 
tation. 

The opening chapter of this volume is a concise statistical review of the 
oil industry for 1940 and contains all the pertinent data for that year. All the 
facts which every oil man should have at his finger tips are there, the produc- 
tion rating by states, the number of new fields and new producing reservoirs 
discovered by states, the total number of new wells drilled during the year, the 
average depth of these wells, the total footage drilled in the entire country 
and by states, the number of barrels of oil produced, and the number of bar- 
rels imported. The estimated crude-oil reserves are stated to be nearly equal 
to the total oil produced since the first well was completed in 1859. The trend 
toward deeper drilling is reviewed and the number of wells which have reached 
or exceeded 10,000 feet in each state is given. A review of the big fields is given, 
including the total production to the close of 1940 for the six largest. 

A United States map indicates production in 29 of the 48 states. These 
states are listed alphabetically and a complete review of all activity for each 
state is given. This includes all important lease plays and blocks assembled, 
all wildcat wells drilled, type of information on which wells were drilled, new 
fields discovered, pipeline facilities, et cetera. 

Of special interest to geologists is an article by Marcus A. Hanna, discus- 
sing the rise of paleontology and its relation to the petroleum industry. A 
plate of Gulf Coast index fossils is given. 

The appendix contains 55 pages of tables, charts, and graphs, which cover 
everything from the number of geophysical parties operating to a summary of 
crude-oil production for the world by countries and years since 1857. There is 
a table of world production of petroleum substitutes by countries, a price 


! The Pure Oil Company. Manuscript received, August 25, 1941. 
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index of petroleum products and all commodities from 1913 to 1937, and a 
table showing the cost of drilling and equipping oil wells and drilling dry holes 
by states. There are three pages of refinery statistics in spite of the editor’s 
statement in the preface that no effort was made to cover refining operations. 

With such a mass of material collected in this one volume, it is difficult 
to see how improvements can be made in later editions. Possession of the 
eleventh annual report of the National Oil Scouts and Landmen’s Association 
is practically equivalent to access to all scout records for 1940 of all the oil 
companies in tne United States. 


ON CARBONIFEROUS FORAMINIFERA OF THE SAMARA BEND, 
BY D. RAUSER-CERNOUSSOVA, G. BELJAEV, AND 
E. REITLINGER 


REVIEW BY SIEMON WM. MULLER AND HUBERT G. SCHENCK! 
Stanford University, California 


“On Carboniferous Foraminifera of the Samara Bend,” by D. Rauser- 
Cernoussova, G. Beljaev, and E. Reitlinger. Trans. Geol. Oil Inst. (Mos- 
cow, 1940), New Ser., Fasc. 7 (1940), pp. 1-80; 9 pls., 1 table (geologic 
column and species range chart), 18 figs. in text, 34 bibliographic refer- 
ences. 

INTRODUCTION 


A well drilled near Syzran on the right bank of the Volga River, U.S.S.R., 
yielded an unusually complete and well preserved record of the stratigraphic 
distribution of Carboniferous Foraminifera which are reported on in this 
article. Since the English summary is inadequate, and as the main text of the 
report is not readily available to most American workers, it is desirable to 
give here a summary of most of the stratigraphic discussion which appears 
in the Russian text. The accompanying check list was compiled from the 
text and from the table opposite page 56. A few comments by the reviewers 
follow the stratigraphic summary. 


REVIEW OF STRATIGRAPHIC SUMMARY 


The Carboniferous rocks cored in well No. 401 begin at a depth of 104 
meters and extend to a depth of 1,046 meters. Beyond that depth for more 
than 300 meters the rocks are Devonian in age. 

The following subdivisions of the Carboniferous are made on the basis of 
Feraminifera from the well. 

The authors do not describe the Devonian section, stating only that 
characteristic Devonian species of Endothyra were recognized. Immediately 
overlying the Devonian strata are approximately 53 meters of limestones and 
greenish shales which contain no Carboniferous foraminifers. These presum- 
ably unfossiliferous beds are referred to as the Devonian-Carboniferous 
transition beds. 


1 Manuscript received, August 1, 1941. 
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“Hori- Thickness 
System Series Stage ons? Beds ies 
Upper 
Carboniferous 156 
C3 “pb”? 41 
33 
Middle C3 >” 149 
Carboniferous “a” 97 
C3 80 
Carboniferous |— Transition beds = 54 
36 
Visean cP 198 
Lower 50 
Carbonifefous 
Cc 24 
Tournaisian 
24 
Transition beds— 53 
Devonian 372+ 


* The term “horizon” is used in this article, and in many other Russian publications, as a time-rock 
term applied to a unit subordinate in rank to a stage; it thus is the equivalent of a substage, as used by some 
authors. “Horizon” here, therefore, does not merely denote a stratigraphic position or level.—Note by the 
reviewers. 


LOWER CARBONIFEROUS 


Tournaisian stage——On the basis of the microfauna and lithology, the 
rocks of this stage are divided into two “horizons” aggregating 48 meters in 
thickness, C;* below and C}° above. The lower part of “horizon” Ci" consists 
of 24 meters of sandy limestone with a considerable amount of glauconite and 
quartz; the upper part is light-colored, organic limestone. The fossils present 
are given in the accompanying check list. “Horizon” C;> comprises 24 meters 
of unfossiliferous, dark-colored, strongly pyritized, quartzose clays and shales 
and quartzose sandstones. 

Visean stage-—The superjacent Visean stage (284 meters thick) is remark- 
ably uniform, both paleontologically and lithologically. It is subdivided 
provisionally into the following three “horizons.” 

The lowest “horizon’”—C?"—of the Visean stage is represented by brown 
marly dolomites and limestones in the upper part, and by dark bituminous 
marls interbedded with limestones in the lower part. The lower boundary of 
the “horizon” is placed at the top of the unfossiliferous black shales and clays 
above which is found a varied but rather poor microfauna. The upper limit 
is drawn at the first appearance of several new species and genera which 
inaugurate the blossoming of the typical Visean microfauna. 

The fauna of “horizon” C** is considerably more varied in number of 
species than the assemblages in limestones of the Tournaisian stage. Several 
Visean forms, for example, Staffella struvei, Endothyra crassa, E. globulus, 
Hyperammina vulgaris, and Archaediscus karreri, although occurring in this 
“horizon”’ infrequently, attain their maximum development higher in the 
section. Representatives of the two species of Endothyra are usually much 
smaller than the individuals from the next higher “horizon.” A similar micro- 
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Cueck List oF SPECIES, WELL 401, SAMARA BEND 


Tour- : Tran- Middle 
naisian Visean | sition Carboniferous 


cr] cP] ce | cP | cs | | ce | 


Species 


Quasifusulina 

Triticites arcticus..... 
T. acutus 

T. montiparus....... 
T. umbonoplicatus.... 
T. srregularis........ 
Fusulina cylindrica... 
F, ozawat........... 


fs x x 
Fusulinella usvae..... 
F. pulchra var. meso- 


F. colaniae.......... 
Staffella angulata..... 
S. sphaeroidea....... 
S. aff. confusa....... 
S. ex. gr. bradyi...... 
S. antiqua........... 
Schubertella obscura. . 
x 
Endothyra crassa..... 
E. 
E. bowmani......... aff. 
E. omphalota........ x 
Cribrospira panderi... x 
Bradyina nautiliformis x 


UNFOSSILIFEROUS 


Samarina operculata. . 
Archaediscus karreri. . x 
Hy eulgaris 
H. elegans...... x 
Spirillina sp......... x 


Note.—The upper limits of these divisions are placed at the following depths (in meters) in the well, 


Devonian-Carboniferous 
1,046 


F. minima.......... x 
F. samarica......... x 
Wedekindellina dut- 
F. schwagerinoides.... | 
F. ex. gr. praecursor.. 
B. cribrostomata...... x 

| 
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fauna, with an equally scant number of species, has been observed in the Tula 
beds of the Carboniferous in the Moscow basin. 

The middle division of the Visean stage is “horizon” C?°. This consists of 
198 meters of brown, dense, gypsiferous dolomites and limestones with local 
intercalations of black bituminous marls and some gypsum and anhydrite. 
The typical faunal assemblage attains its acme within the stratigraphic in- 
terval from 77 meters above the base to 15 meters below the top. The most 
characteristic species are the large endothyrids, in places forming the bulk 
of the rock, and Bradyina rotula, Cribrospira panderi, and Samarina opercu- 
lata. Within this stratigraphic interval, Cribrospira panderi is confined to the 
base of the “‘horizon,”’ Endothyra omphalota to the middle, and Samarina 
operculata to the top. A similar stratigraphic distribution was noted by Struve 
in the Moscow basin. On the basis of the microfauna, the authors correlate 
“horizon” C;” with the Mikhailov formation, the Venev formation, and the 
Alexin stage of the Moscow basin. 

Light-colored, dense, crystalline limestones intercalated with clays make 
up “horizon” C**, 36 meters in thickness. This division is characterized by the 
sudden impoverishing of the microfauna, as is shown by the absence of 
Bradyina rotula, Endothyra omphalota, and Cribrospira panderi, and by the 
rare occurrence of isolated specimens of the larger endothyrids. The paleon- 
tological data suggest a correlation of this “horizon” with the Serpukhovian 
stage of the Moscow region, at least in part. 

Between the lower Carboniferous and the middle Carboniferous occur 
54 meters (from a depth of 660 to 714 meters) of transitional beds composed 
of marly and odlitic limestones above and foraminiferal limestones below. 
Bradyina cribrostomata, Staffella antiqua, and S. ex. gr. bradyi are the forms 
which appear for the first time in the transitional beds. The first-named 
species is similar to the lower Carboniferous Bradyina potanini Ven. from 
southern Mongolia, and, together with Climacammina, it forms the bulk of 
the foraminiferal limestone at a depth of 695 to 704 meters. 

Among the species found at the depth of 714 meters, Staffella antiqua is 
a most interesting form, especially because it is without doubt the ancestral 
form of the spheroid staffellids which are of considerable stratigraphic impor- 
tance in the middle Carboniferous. The species is also present in the super- 
jacent “horizon.” 

Fusulinid foraminifers play a subordinate réle in the Visean stage. They 
are represented by Staffella struvei, to which may be added Staffella pseudo- 
struvei and S. ex. gr. bradyi which occur in the upper part of this stage. Begin- 
ning with the lower-middle Carboniferous transition beds, on the other hand, 
the fusulinids enter a period of accelerated speciation, leading to their domi- 
nant position in the microfaunas of the middle and upper Carboniferous straat. 


MIDDLE CARBONIFEROUS 


The middle Carboniferous is divided provisionally into three “horizons” 
totalling 400 meters in thickness. The lower boundary is drawn beneath the 
beds in which the fusulinid genera Fusulinella and Schubertella appear for the 
first time, in ascending stratigraphic order. 
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“Horizon” C;—the lower division of the middle Carboniferous—consists 
of 80 meters of marls, marly limestones, thick bands of clay, sandy glauconitic 
limestones, and glauconitic sandstones. The smaller Foraminifera, considered 
in terms of the number of species and of individuals, are subordinate to the 
fusulinids which begin to dominate the other fossils. The general character of 
the fusulinids, however, still remains primitive. The dominant elements are 
Schubertella and small specimens of Fusulinella, together with a few hang-overs 
from the subjacent transition beds. 

The middle division is “horizon” C3 which comprises 246 meters of light- 
colored to brownish gray gypsiferous limestones and dolomites with inclusions 
of chert and gypsum. The lower limit of the “horizon” is drawn beneath the 
beds in which the relatively rich fusulinid fauna, characteristic of the super- 
jacent part of the middle Carboniferous, makes its first appearance. 

On the basis of the microfauna, “horizon” C} is divided into two units: 
beds “‘a”’ and beds “‘b.”” The lower of these two units (‘‘a’’) is characterized by 
the appearance in large numbers of species belonging to the group of Fusulina 
cylindrica. The upper of the units (“‘b’’) is characterized by the mass develop- 
ment of Fusulinella colaniae associated with two species of Staffella and by the 
absence of species belonging to the group of Fusulina cylindrica. 

“Horizon” C3, totalling 74 meters in thickness, is divisible into two 
units. The lower one (beds “‘a’’) consists of 33 meters of light gray to brown 
dolomites and limestones in which Fusulina is predominant, associated with 
Wedekindellina and other fusulinids. Although the text states that Wedekindel- 
lina is abundant in this “horizon” and this unit, the range chart shows it 
ranging from the subjacent “‘horizon.”’ Fusulinella bocki has its lowest strati- 
graphic occurrence in beds ‘‘a.”” The superjacent beds (“‘b”) comprise 41 
meters of light gray limestones, here and there dolomitized, and with thin 
intercalations of clay. The upper boundary of this division, which is also the 
upper boundary of the middle Carboniferous, is drawn immediately below 
the strata with characteristic upper Carboniferous fossils. 


UPPER CARBONIFEROUS 


The upper Carboniferous is represented by 156 meters of gray limestones, 
rarely dolomites, locally argillaceous, and with rare intercalations of clay. As 
shown in the check list, the lowest stratigraphic occurrences of Triticites and 
Quasifusulina are in the upper Carboniferous. 


SUMMARY OF STRATIGRAPHIC RESULTS 


The authors summarize the stratigraphic results as follows. 

The meager assemblage of microfossils from the Tournaisian stage is 
closely related to the Devonian, although the foraminifers are definitely of 
Carboniferous aspect. Endothyrids, which originate in the Devonian, are the 
predominant forms in the Tournaisian stage. Some of the Tournaisian species 
pass upward into the Visean stage, whereas others extend as high as the transi- 
tion beds between the lower and middle Carboniferous. 

The microfauna of the Visean stage is more distinctive. Here appear 
typical lower Carboniferous genera, for example, Staffella, Bradyina, Cribro- 
spira, Archaediscus, Hyperammina, and Samarina. In the lower part of the 
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Visean stage appear Staffella struvei and some representatives of the larger 
endothyrids which attain their greatest development in the middle division 
of the Visean. With the large endothyrids are Staffella struvei, Hyperammina 
vulgaris, and Bradyina rotula. The last-named is so distinctive in its wall 
structure that it can be recognized readily even in fragmentary material. 
Bradyina rotula, Samarina operculata, and Cribrospira panderi are characteristic 
of the middle division of the Visean stage. 

In the thinner upper division of the Visean stage, a sudden impoverish- : 
ment of the microfauna takes place. Continued extinction of the Visean 
smaller foraminifers is also observed in the transitional beds between the 
lower and middle Carboniferous. They are replaced by a few new species of 
smaller foraminifers with restricted stratigraphic ranges. In general, however, 
all the smaller foraminifers retain their lower Carboniferous aspect. 

A considerable change in the microfauna takes place in these transitional 
beds. While the larger endothyrids and Staffella struvei, typical of the lower 
Carboniferous, become extinct, there appear spheroid staffellids (Staffella 
antiqua and others) which are characteristic of the middle Carboniferous. 

A sharper break in the microfauna is observed in the middle Carboniferous. 
Typical Visean forms are no longer present. From the transitional lower- 
middle Carboniferous beds, only Staffella antiqua reaches the lowest “horizon” 
of the middle Carboniferous. The most characteristic feature of the middle 
Carboniferous is the rapid blossoming out of the family Fusulinidae with the 
appearance of such genera as Schubertella, Fusiella, Fusulinella, Wedekindel- 
lina, and Fusulina. The last two genera have a limited stratigraphic range, 
and are known only from the middle Carboniferous. 

Spheroid staffellids (Staffella sphaeroidea, S. confusa, S. ozawai) are also 
characteristic of the middle Carboniferous. Their earliest representatives are 
possibly Staffella antiqua from the lower-middle carboniferous transition beds 
and Staffella aff. confusa from the C3 “horizon.” 

Within the middle Carboniferous, it is possible to differentiate the lower 
part, where primitive fusulinellids, staffelids, and schubertellids predominate, 
from the middle division, where the dominant forms are species of the group 
of Fusulina cylindrica (F. cylindrica, F. ozawai, F. bocki). The upper part of 
the middle Carboniferous is characterized by Wedekindellina and species of 
Fusulina with very massive chomata (F. elegans, F. samarica). 

The majority of the typical representatives of the middle Carboniferous 
species of Fusulina, Wedekindellina, the group of Staffella sphaerocidea, and the 
group of Fusulinella bocki do not last into the upper Carboniferous. The begin- 
ning of the upper Carboniferous is marked by the appearance of a new sub- 
family of fusulinids—the subfamily Schwagerininae. This subfamily is repre- 
sented in the material from well No. 401 by the genera Pseudofusulina? and 
Triticites. Particularly characteristic of the upper Carboniferous of Samara 
Bend are species of Triticites. Triticites arcticus begins at the base of the upper 
Carboniferous; the groups of T. montiparus and T. umbonoplicatus start a little 
higher in the section. Here also are included Quasifusulina longissima and the 
group of species related to Fusulinella usvae. 


2 The genus Pseudofusulina Dunbar and Skinner, 1931, is considered a synonym of 
Schwagerina Mdller by Dunbar and Skinner, 1936.—Reviewers’ note. 
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The authors state in conclusion that of the long-ranging foraminifers, only 
10 per cent (4 species) have a range extending through two series. About 65 
per cent (18 species) out of 25 in the middle and lower Carboniferous are 
restricted to a single “horizon.”’ Approximately 25 per cent of all the species 
appear to occur in two or three adjacent “horizons.” It is also pointed out that 
certain genera also are restricted to the series, thus making them useful in 
field work and valuable for a subdivision of the Carboniferous system. 


COMMENTS BY REVIEWERS 


In the foregoing discussion, the identifications are those of the Russian 
specialists. American workers will be disappointed that the illustrations do 
not settle some doubtful points. For example, the identification of Staffella 
struvet may be correct, but evidence needs to be adduced to prove that it is a 
fusulinid. The material figured as Staffella angulata (Colani) appears to belong 
to the genus Ozawainella Thompson, 1935. The Schubertella may be Eoschuber- 
tella, Although “‘Pseudofusulina’’ is listed as occurring in the well, this genus 
does not appear in the list of species opposite page 56 or in the part of the 
paper devoted to the description of species. M. L. Thompson? has pointed out 
to the reviewers that the specimens identified by the authors as Fusulinella 
bocki Méller do not belong to the species studied by Mdller under this name. 
Thompson also suspects that the specimens called Fusulinella usvae, F. 
pulchra, F. pulchra var. mesopachys, and F. schwagerinoides are all referable 
to the genus Tyiticites. Subsequent studies doubtless will stabilize the taxon- 
omy of these fossils. 

The Russian authors of this article fail to state the basis for correlating 
the strata in the well with the type Visean and Tournaisian stages in Belgium. 
It is presumed that this synchronization with the type lower Carboniferous 
section of Belgium is based on other Russian sections where diagnostic lower 
Carboniferous megafossils occur in association with the characteristic micro- 
faunas. As far as the reviewers know, no fusulinid Foraminifera have been dis- 
covered in the Belgian stages mentioned. 

Worthy of attention is the placement of the lower boundary of the middle 
Carboniferous just below the lowest stratigraphic occurrences of Fusulinella 
and “‘Schubertella.”’ The lowest record of Fusulina, sensu stricto, is in slightly 
higher beds. No Wedekindellina occurs in the upper Carboniferous. In fact, 
Rauser-Cernoussova showed several years ago that this genus is restricted to 
the upper part of the middle Carboniferous.‘ Also noteworthy is the restric- 
tion of Triticites and Quasifusulina to strata above those containing Fusulina. 

These data suggest that the beds classified by the authors as upper Car- 
boniferous are probably synchronous with the North American marine upper 
Pennsylvanian. At least part of the middle Carboniferous of the well would be 
the correlative of the lower Pennsylvanian. The lower Carboniferous should 
correspond with the Mississippian, in whole or in part. 


3 Letter dated July 21, 1941. 

4 For an excellent discussion of the occurrences of Wedekindellina in the United 
States, consult M. L. Thompson and Harold W. Scott, “‘Fusulinids from the Type Sec- 
tion of the Lower Pennsylvanian Quadrant Formation,” Jour. Paleon., Vol. 15, No. 4 
(July, 1941), pp. 349-53; 1 pl., x fig. in text. 
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PETROLEUM DEVELOPMENT AND TECHNOLOGY 1941, 
BY THE A.I.M.E. PETROLEUM DIVISION 


REVIEW BY G. S. DILLE! 
Tulsa, Oklahoma 


“Petroleum Development and Technology 1941,” by the Petroleum Division. 
Trans. Amer. Inst. Min. Met. Eng., Vol. 142. 587 pp., illus. Published by 
the Institute at the office of the secretary, 29 West 39th Street, New York, 
N. Y. Price, $5.00. 


This volume includes papers and discussions presented during the year 
1940 at meetings held in New York, Los Angeles, and Tulsa. Most of the 
papers deal with engineering research and production engineering. All papers 
are directly related to the petroleum industry but all are specialized technical 
reports in which the various authors were undoubtedly more interested than 
their fellow members in the A.I.M.M.E. will be. Nevertheless, the scope of 
the papers shows a wide interest in many of the problems encountered in both 
the field and laboratory. Slightly more than one-third of the volume is devoted 
to production engineering and engineering research. 

Perhaps the most interesting general report in the book is that of Garfias 
and Whetsel, entitled, “World Production of Petroleum Substitutes.” This 
article, while not complete, gives a world picture of the demand for and the 
use of petroleum substitutes. Needless to say, Germany leads in quantity 
produced and quantity used. 

One half of the book is given over to a review of the development in Do- 
mestic and Foreign Production for the Year 1940. Domestic production is 
complete and detailed. Foreign production figures are of doubtful accuracy 
because of the war conditions in Europe. 

Domestic production is given by states and by pools within states. Re- 
covery figures for many pools and many sands are available in this volume, 
some of which are not readily available to the average reader. 

In general the volume is on a par with these of other years and will make 
a welcome addition to many libraries. 


1 Consulting geologist, Atlas Building. Manuscript received, July 30, 1941. 


NATURAL GAS IN BRANTFORD AREA, ONTARIO, 
BY J. F. CALEY 


REVIEW BY CHARLES S. EVANS! 
Chatham, Ontario 


“Natural Gas in Brantford Area, Ontario,” by J. F. Caley. Canada Geol. 
Survey Paper 40-22 and Accompanying M ap 6 36A (Department of Mines 
and Resources, Ottawa, Ontario (1940). 30 mim. pp. and folded map. 


Dr. Caley has written a fairly complete, detailed report-dealing with the 
gas-producing rocks of Silurian age, in a part of the eastern gas-producing 
district of southwestern Ontario. He explains that the Silurian gas-producing 
sands (Clinton, Red Medina, White Medina) lie on a slightly irregular slope 


1 Union Gas Company of Canada Limited. Manuscript received, August 6, 1941. 
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(monocline) that rises northward; that these sands vary in thickness and 
looseness from place to place; and that production from them is dependent on 
these conditions. 

The area is detailed by counties and townships, and depths to these pro- 
ducing sands are given so that drilling costs in any area may be estimated. 

The Malahide and Brownsville fields are discussed where production is 
from the top of the Guelph dolomite. 

The map accompanying the report shows locations of producing wells and 
dry holes, and directs attention to several large areas almost surrounded by 
streaks of knots of producing wells, thus indicating favorable drilling areas. 

This report and map were requested for use by the ordinary independent 
drillers and operators to encourage development of gas reserves in this part 
of the province. 

Criticism has been made that the report is academic. There are less than 
one dozen academic words in the thirty-one pages, and, even if the report sets 
forth more details and some extra matters, it is not invalidated for the purpose 
for which it was requested. Any driller of experience should be able to obtain 
useful information from it if he will take the time to read it carefully. 


RECENT PUBLICATIONS 
ALABAMA 


*“Paleozoic Possibilities of Northern Mississippi and Alabama,” by 
Frederic F. Mellen. Oil Weekly, Vol. 102, No. 10 (Houston, August 11, 1941), 
pp. 28-40; 6 figs., 3 tables. ; 

ARGENTINA 


*“Oil Industry of Argentina,” by Ben H. Parker. Internat. Oil, Vol. 2, 
No. 3 (Houston, July, 1941), pp. 34-39; 4 photographs, z charts. 


ARKANSAS 


*“Tyorcheat Field, Columbia County, Arkansas,” compiled by Oil and 
Gas Jour., Vol. 40, No. 15 (Tulsa, August 21, 1941), pp. 33-34; development 
map. 

CALIFORNIA 

*“Notes on Geology of Honolulu’s Deep Test in Buena Vista Hills,” by 
Geology Department, Honolulu Oil Corporation, California Oil World, Vol. 
34, No. 15 (Los Angeles, 1st issue of August, 1941), pp. 19-23; 2 photographs, 
1 development map. 

*A New Mile Post in Deep Drilling,” by J. H. McMasters. Petrol. World, 
Vol. 38, No.8 (Los Angeles, August, 1941), pp. 39-46; 3 figs., 12 photographs. 
Honolulu Oil Corporation’s Buena Vista Hills wildcat, with bottom at 14,622 
feet, is second deepest well in world and deepest ever drilled electrically. How 
the well was drilled and what it reveals of Valley geology. 


ENGLAND 


*“Map of the Corallian Beds around Highworth, Wiltshire,” by W. J. 
Arkell. Proc. Geologists’ Assoc., Vol. 52, Pt. 2 (July 25, 1941), pp. 79-109; 9 
figs., 1 pl. (folded, colored map of Corallian beds). Describes Upper Jurassic 
beds. 
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*“An Outline of the Geology of Yeovil, Sherborne and Sparkford Vale,” 
by G. A. Kellaway and Vernon Wilson. Jbid., pp. 131-72; 12 figs., 3 pls. De- 
scribes Triassic and Jurassic beds. 


GENERAL 


*“Stratigraphic Terminology,” by H. G. Schenck and Siemon Wm. Muller 
Bull. Geol. Soc. America, Vol. 52, No. 9 (New York, September 1, 1941), pp. 
1419-26; 2 tables. 

*“Standard of the Jurassic System,” by Siemon Wm. Muller. bid., pp. 
1427-43; 2 tables. 

*The Oil Industry in Your State, compiled by Independent Petroleum As- 
sociation of America, Petroleum Research Bureau, Lawrence E. Smith, 
director, Tulsa, Oklahoma (1941). 26 mim. pp. Statistics on production, de- 
velopment, value, refining, marketing, extent of industry, and general in- 
formation on oil- and gas-producing states. 

1941 Petroleum Register. 22d ed. (1941). Lists oil producers, refiners, na- 
tural-gasoline plants, drilling contractors, pipeline operators, trade associa- 
tions, professional men, et al. 2 West 45th Street, New York City. Price, $10 
plus transportation. 

*“Tevelopments in the American Petroleum Industry, 1914-19; Explora- 
tion, Drilling, Production, and Transportation,” by H. C. Fowler. U. S. Bur. 
Mines I.C. 7171 (June, 1941). 85 mim. pp. Contains bibliography of 194 
references. 

*“Technical Research by the Bureau of Mines in Oil and Gas Production, 
Refining, and Utilization,” by H. C. Miller and G. B. Shea. Jbid., I.C. 7173 
(August, 1941). 33 mim. pp. 

*“Tirectional Drainage,” by Stanley C. Herold. Petrol. World, Vol. 37, 

No. 7 (Los Angeles, July, 1941), pp. 46 and 72. Ibid., Vol. 38, No. 8 (August), 
p. 7I. 
*“Paleozoic Gastropod Genotypes,” by J. Brookes Knight. Geol. Soc. 
America Spec. Paper 32 (New York, August 25, 1941). 510 pp., 96 pls., 32 
figs. 
*“Seismicity of the Earth,” by Beno Gutenberg and C. F. Richter. bid., 
131 pp., 17 figs. 

Mines Magazine (Denver, September, 1941). Sixth Annual Petroleum 
Number. Official organ of Colorado School of Mines Alumni Association, 
734 Cooper Building, Denver. Price, $1.00. Contains the following articles. 

“The Petroleum Industry in the National Defense Emergency,” by John 
R. Suman. 

“The Gravity Meter in Colombia, South America,” by H. J. McCready. 

“Safety in Numbers,” by Rufus M. Smith. (Safety methods.) 

“Developments of Radioactivity Well Logging through Casing,” by R. B. 
Downing. 

“The Lance Creek Oil Field, Wyoming,” by B. H. Anderson. 

“Gravity Meter in Illinois,” by W. W. Skeeters. 

“Developments in Pressure Coring Practice,” by I. S. Salnikov. 

“Oil and Gas Fields of Wyoming,” by E. W. Krampert. 

“Operations of the Production Department, Tropical Oil Company, 
Colombia, S. A.,” by Benjamin F. Zwick. 

“The Zenith Pool of Stafford and Reno Counties, Kansas,” by John T. 
Paddleford. 
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“Stratigraphic Traps,” by A. Herrero Ducloux. 
“The Shale Oil Industry of Estonia,” by Paul Kents. 


KANSAS 
*Geology Field Trips, by W. A. Ver Wiebe. 42 pp., 25 figs. Outlines for 12 
field trips near Wichita. University of Wichita, Wichita, Kansas (1941). 
8.511 inches. Paper cover, spiral binding. Price, $1.25. 
*“Use of Brine in a Kansas Field for Secondary Recovery of Oil,” by C. J. 
Wilhelm, Sam S. Taylor, W. C. Holliman, and E. O. Owens. U. S. Bur. Mines 
R. I. 3573 (June, 1941). 31 mim. pp., 9 tables, 9 figs. 


MICHIGAN 
*“Reed City Field, Osceola County, Michigan,” compiled by Oil and Gas 
Jour., Vol. 40, No. 14 (Tulsa, August 14, 1941), pp. 39-40, 1 development map. 


MISSISSIPPI 


*“Paleozoic Possibilities of Northern Mississippi and Alabama,” by 
Frederic F. Mellen. Oil Weekly, Vol. 102, No. 10 (Houston, August 11, 1941), 
pp. 28-40; 6 figs., 3 tables. 

OKLAHOMA 

*“Pogsibilities of Flooding Old Burbank, Oklahoma, Field,” by Roy L. 
Ginter. Oil and Gas Jour., Vol. 40, No. 14 (Tulsa, August 14, 1941), pp. 56-60. 

*“West Central Oklahoma,” compiled by Oil and Gas Jour., Vol. 40, No. 
17 (Tulsa, September 4, 1941), pp. 50-51; sketch map and stratigraphic 
sections in colors. 

WYOMING 

*“Southeast Wyoming,” compiled by Oil and Gas Jour., Vol. 40, No. 15 
(Tulsa, August 21, 1941). 2 pp. between pp. 48 and 49; sketch map of area and 
stratigraphic logs in colors. 

*“Structure of the Elk Mountain District, Carbon County, Wyoming,” 
by R. H. Beckwith. Bull. Geol. Soc. America, Vol. 52, No. 9 (New York, 
September 1, 1941), pp. 1446-86; 2 pls., 1 fig., 1 table. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 15, No. 5 (September, 
1941). 

“Trias at New Pass, Nevada (New Lower Karnic Ammonoids),” by 
Francis Newlands Johnston. 

“Silicified Trenton Trilobites,” by Harry B. Whittington 

“Development of the Mixochoanites,”’ by Rousseau H. Flower. 

“Mesogaulus praecursor, a New Rodent from the Miocene of Nebraska,” 
by Harold J. Cook and Joseph T. Gregory. 

“The Soft Anatomy of Bothriolepis,’”’ by Robert H. Denison. 

“An Anaptomorphid Primate from the Oligocene of Montana,” by John 
Clark. 

“Baltic Ordovician Fauna in Gaspé,” by Madeleine A. Fritz. 

“‘Fenestella Lonsdale and Fenestrellina d’Orbigny,” by G. E. Condra and 
M. K. Elias. 
“A Sparganium from the Upper Cretaceous of Wyoming,” by Betty Ruth 
Smith. 
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WALTER GEORGE WOOLNOUGH, HONORARY MEMBER! 


J. T. RICHARDS? 
Oklahoma City, Oklahoma 


Dr. W. G. Woolnough, of Gordon, New South Wales, Australia, was 
elected to honorary membership in the American Association of Petroleum 
Geologists at the meeting of the executive committee on April 21, 1941. 

To write a biography of him is a difficult but interesting task. It is like 
writing an adventure story full of action, thrills, and inspiration. For from 
that hot, summer day on January 15, 1876, when he was born in the little 
town of Brushgrove on the Clarence River in the “Colony” of New South 
Wales, Australia, things commenced to happen to the future Dr. Woolnough. 
His father, the Reverend James Woolnough, was born in England and his 
mother, Esther Phoebe (Hawke), was born in the state of Iowa, United States 
of America. He was their first child. Two younger brothers became physicians 
and one gave his life to human service during the great epidemic of bubonic 
plague in Sydney in 1919. 

During his formative years in the elementary state schools and in the 
Sydney High School, scientific subjects interested him most. Astronomy and 
entomology were early ambitions until he entered Newington College in 
Sydney and came under the influence of A. H. S. Lucas, head master, himself 
a geologist. On entering the University of Sydney in 1895 with scholarships 
in physics and chemistry, he became an ardent pupil of the late Sir Edgeworth 
David. In 1897, young Woolnough was a member of Professor David’s Coral 
Boring Expedition to the South Pacific island of Funafuti to test Darwin’s 
Theory of Coral Reefs. In 1898, he graduated from the University of Sydney 
with honors in biology, chemistry, physics, mathematics, and geology and 
with the Bachelor of Science degree. Immediately, he became a ‘‘Demonstrator 
in Geology” under his former instructor, Professor David, and thus started a 
career as a teacher which was to carry him to academic heights and extend his 
influence around the world. In 1904, he received the degree of Doctor of 
Science from the University of Sydney and the same year was granted the 
identical degree by the University of Adelaide. In 1913, Dr. Woolnough estab- 
lished the School of Geology in the new University of Western Australia and 
served as its head for seven years. The honorary degree of Doctor of Science 
was conferred upon him by this University in 1913. 

Only time can evaluate the quality of the teaching and inspiration of an 
instructor. Respect and reverence, appreciation for accomplishment, and a 
depth of personal friendship and admiration must exist between instructor 
and student when the professor refers to his former students as “my boys” 
and the students, in their college days, christen the professor “Dad” and, 
after years of mature reflection, refer to him as “an able, inspiring, artful 
teacher,” ‘“‘a prodigious, untiring worker,” “‘a deep thinker who can share his 
thoughts,” and “a genius at improvising apparatus for geological work and 
for graphical solutions of mathematical problems.” 


1 Manuscript received, August 9, 1941. 
? Gulf Oil Corporation. 
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Little wonder that such a man was selected to head two expeditions (1901 
and 1905) into Fiji to study the geology of these little-known islands, or that 
even his early writings cover most of the states of his native land, including 
his findings as a member of an expedition into the desert portions of Northern 
Territory in 1911. 

Messrs. Brunner, Mond and Company, Ltd., alkali manufacturers of 
Norwich, England, induced Dr. Woolnough to relinquish his position as head 
of the School of Geology at the University of Western Australia in 1919 to 
join them in investigations of alkali manufacture in Australia. His long resi- 
dence in Western Australia, his aptitude for chemistry, and his intimate 
knowledge of desert environment in the arid parts of Australia amply qualified 
him to conduct expeditions into the vast central desert of the continent by 
motor, by camel, and on foot to search out those minerals which might mean 
comfort and wealth for his people. Expeditions in 1922 and 1925 to study salt 
deposits led to his recognition of the association of oil and salt, and of the pos- 
sibility of the occurrence of oil in Australia. In connection with this work, he 
made his first trip to the native lands of his parents. 

In 1927, he was appointed Geological Adviser to the Commonwealth 
Government, primarily for the purpose of advising the Government in its 
activities for the search for oil. This position he held until his retirement, 
January, 1941. The first year, an expedition to New Guinea and Papua to 
investigate oil possibilities resulted in creating sufficient interest that detailed 
surveys were made and some prospecting was done. Believing that his 
Government was unwittingly spending vast sums of money subsidizing ir- 
responsible, unscientific, hopeless, and inadequate tests for oil, Dr. Woolnough 
persuaded his Government to finance another “expedition” in 1930 to the 
United States and Argentina that he might study the methods of petroleum 
prospecting and development then prevailing in those countries. His report to 
the Parliament of the Commonwealth shows an analytical insight into condi- 
tions, methods, and results seldom encountered, but most refreshing. Removal 
of prospecting for oil in Australia from a basis of unguided speculation, for 
the most part, to scientific exploration based on geologic principles has re- 
sulted from this report and the subsequent untiring efforts of Dr. Woolnough. 
Although his appointment as Geological Adviser was primarily in connection 
with the search for oil, his activities in this capacity extended over much wider 
fields to include coal, gold, iron ores, water supplies, and building materials. 

Aerial photography impressed Dr. Woolnough as a most likely mapping 
method for Australia, so, when he returned from the Americas, he “managed” 
for an army plane, which was equipped with the best camera available, and, 
with an army pilot, mapping of inaccessible regions was commenced. These 
regions had no markers on the ground whereby photographs might be oriented. 
Again his mathematical ingenuity came to his rescue and a graphical method, 
as yet unpublished, using the length and direction of shadows, avoided the 
difficulties due to otherwise non-existing ground control. As a result of these 
preliminary aerial surveys, a comprehensive program for the ultimate survey 
of the whole continent has been undertaken. 

One of his last acts as Geological Adviser was the presentation of data 
to his Government covering the iron-ore resources of his country. This report 
formed the basis for legislative action to preserve the resources from foreign 
domination and to conserve them for the rapidly growing steel industry of 
the nation. 
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Such an active and enthusiastic worker would naturally associate himself 
with his fellows in scientific societies and organizations. As early as 1899, Dr. 
Woolnough became a fellow of the Geological Society of London. In 1927, he 
was president of the Royal Society of New South Wales and in 1937 acted as 
president of the geologic section of the Australasian Association for the Ad- 
vancement of Science. He was a foundation fellow of the Australian National 
Research Council, a fellow of the Geological Society of America, and a member 
of many other societies of three continents. In 1936, he was the recipient of the 
Clarke Memorial Medal which is presented yearly by the Royal Society of 
New South Wales for outstanding scientific work relating to Australia. He has 
been a member of the American Association of Petroleum Geologists for many 
years. 

A complete bibliography of his works would unduly lengthen this biog- 
raphy. Many of his reports as geological adviser have been considered of such 
a confidential nature that their publication has not been permitted. The 
subject matter of those scores of papers published in the literature of three 
continents shows a diversity of interest, a breadth of experience, and a depth 
of insight and originality seldom displayed by any author. Two papers stand 
out from the rest: ‘“The ‘Duricrust’ of Australia,’ delivered as a presidential ad- 
dress to the Royal Society of New South Wales, and “Sedimentation in Barred 
Basins, and Source Rocks of Oil.” The latter was published in the Bulletin of 
the Association in 1937. Both of these papers were the result of much sound, 
though revolutionary, thinking. Such characteristics dominate his other works. 
Although retirement might well be spent in well earned leisure, it is patent 
that a mental vigor of youth and an enthusiasm for science such as his will 
not allow such cessation of activity. Only continued research can satisfy such 
an intellect. 

Two hobbies have furnished profitable diversion. Development of graphic 
methods in mathematics has already been mentioned. Extensive use of such 
methods in the class room made him a popular teacher and offered solutions 
to many problems which were otherwise obscure. Languages, most of which 
were self-taught, were a close second choice. Believing it a waste of energy to 
“painfully rediscover that which had already been described in another 
language,” he “found great satisfaction and some profit in reading, and making 
translations from, French, German, Spanish, Dutch, Swedish, Russian, and 
Portuguese,” to say nothing of having obtained a speaking knowledge of 
Fijian while on expeditions to that country. 

Margaret Ilma, third daughter of the Reverend William Wilson, became 
the wife of Dr. Woolnough in 1902, and they have had two sons and a daughter. 
The younger son and the daughter survive. No better words are at hand to 
apportion the credit for his success due to others than to quote a paragraph 
from a recent personal communication addressed to the writer. 

If you carry into execution your threat to describe my nefarious doings, will you 
be good enough to put one stone in the other pocket? While my early gropings in science 
were facilitated by unselfish parents, my later work, for what it is worth, has been 
made possible only through the sympathy and encouragement of my devoted wife, who 
still puts up with my extravagance and with my hare-brained expeditions. 

Of such metal is the man on whom the American Association of Petroleum 
Geologists has conferred honorary membership. The honor has been received 
in all humility. It was offered worthily. All should be proud of the association 
it creates. 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Epcar W. OwEn, chairman, L. H. Wentz (Oil Division), San Antonio, Texas 
EpMonp O. MARKHAM, secretary, Carter Oil Company, Tulsa, Oklahoma 

L. C. SniwErR, University of Texas, Austin, Texas 

Eart B. Nose, Union Oil Company of California, Los Angeles, California 
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NATIONAL RESEARCH COUNCIL 


A. I. LEvorsEN (1943) 


FINANCE COMMITTEE 
W. B. HeEroy (1942) E. DEGOLYER (1943) Tra H. Cram (1944) 
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BUSINESS COMMITTEE 


A. R. DENISON (1942), chairman, Amerada Petroleum Corporation, Box 2040, Tulsa, 
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D. Perry Ocott (1942), vice-chairman, Humble Oil and Refining Company, Box 2180, 
Houston, Texas 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Maurice Wilson Jowett, Trinidad, B. W. I. 
H. G. Kugler, H. H. Suter, K. W. Barr 


FOR ASSOCIATE MEMBERSHIP 


Frank Marion Anderson, Midland, Tex. 
Hal P. Bybee, Berte R. Haigh, S. A. Lynch 


Silas Christian Brown, Bogota, Colombia, S. A. 
C. S. Corbett, Walton Sumner, Fritz E. von Estorff 


William Martin Cartmell, Mattoon, Ill. 
B. S. Ridgeway, M. W. Fuller, Robert W. Beck 


Peter Paul Conrad, Caracas, Venezuela, S. A. 
C. H. Gerdes, Howard L. Tipsword, David M. Grubbs 


Rial Fleming Crumley, Jr., Bartlesville, Okla. 
L. H. Johnson, Robert P. Clark, A. J. Hintze 


Jack Finlay Judson, Santander, Colombia, S.A. 
Edward C. Cram, Wilson C. Giffin, Frank B. Notestein 


Frederic Richard Kelley, Belvedere, Calif. 
Hubert G. Schenck, Eliot Blackwelder, Elmo W. Adams 


Jay Glenn Marks, Guayaquil, Ecuador, S.A. 
Hubert G. Schenck, F. G. Tickell, Eliot Blackwelder 


Bert Clifford Timm, Vanderbilt, Tex. 
Hal P. Bybee, H. Gordon Damon, Berte R. Haigh 


Robert Louis Tucker, Houston, Tex. 
Albert W. Giles, Harry H. Sisson, George C. Branner 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Perry R. Bass, Fort Worth, Tex. 
J. B. Lovejoy, B. E. Thompson, H. B. Fuqua 
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HENRY HART PRATLEY 
(1893-1941) 

The American Association of Petroleum Geologists and the scientific 
world mourn the passing of Henry Hart Pratley at Glendale, California, July 
23, 1941. His death occurred following a short illness after a major abdominal 
operation. 

Mr. Pratley was born in Chicago, Illinois, forty-eight years ago. He gradu- 
ated from the Colorado School of Mines in 1922 after his education had been 
interrupted by service in the United States Navy during the World War. After 
graduation he followed the mining game, first in Butte, Montana, and later as 
a very successful mine operator in the Park City-Bingham Canyon districts 
of Utah. 

He became interested in the new field of seismic prospecting and geo- 
physics, and in 1928 returned to his alma mater to take additional educational 
work in this branch of science. After several years of magnetometer work in 
the Mid-Continent and Texas oil fields as an independent operator, Mr. 
Pratley. went to California in 1930 to do geophysical work for the Ohio Oil 
Company. He was one of the first to see the possibilities of applying this type 
of prospecting to the California oil fields. 

In 1936, he became associated with Herbert Hoover, Jr., as vice-president 
of the United Geophysical and Engineering Company of Pasadena. He re- 
mained in this position until November, 1940. 

At this time he decided to study the application of seismic prospecting to 
underground mine work. As a pioneer in this field, he was greatly encouraged 
by phenomenal success in several test runs in Utah mines. 

Mr. Pratley is survived by a brother, Fred, and four sons, Henry Hart 
Pratley, Jr., Fred Cooper Pratley, Brent McGee Pratley, and Bruce McGregor 
Pratley. He was a member of Beta Theta Pi and Theta Tau fraternities and 
of El] Kalah Shrine Temple, Salt Lake City. He was active in the Society of 
Exploration Geophysicists, the American Association of Petroleum Geologists, 
and the American Institute of Mining and Metallurgical Engineers. 

FRED PRATLEY 


1331 NortH Paciric BOULEVARD 
GLENDALE, CALIFORNIA 


EUGENE LAW ICKES 
(1885-1941) 

The passing of Eugene Law Ickes on July 1, 1941, due to a cerebral hemor- 
rhage, and after a sickness of nearly three and one-half years, marked the end 
of another early-day California geologist who was closely identified with the 
birth of petroleum geology on the west coast. 

“Gene”’ Ickes, as he liked to be called by his friends, was born on June 11, 
1885, in Deadwood, South Dakota. His early college training began in the 
year 1906 at the South Dakota School of Mines in Rapid City, South Dakota. 
Between 1907 and 1910 Ickes attended the University of California, receiving 
the Bachelor of Science degree there in 1909. During 1910, he was an instructor 
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at the University of California and later a geologist with the United States 
Geological Survey. In this latter period, he assisted Robert Anderson and 
R. W. Pack with geological mapping along the west side of the San Joaquin 
Valley, California; the results of this work were later published in Bulletin 603 
of the United States Geological Survey. 

The ensuing years saw Ickes doing geological work, primarily as it is 
related to petroleum, in many lands in both the eastern and western hemi- 
spheres. His work carried him to Mexico, Central America, South America, 
Russia, England, France, Spain, Morocco, and other localities. For the major 
portion of this time, he was associated with the S. Pearson and Sons interests 
of London, England. During the first World War, he was engaged principally 
in developing strategic mineral supplies for England. 

In 1921, Ickes returned to the United States and accepted a position as 
chief geologist of the Montana activities of the Standard Oil Company of 
California. For a short time in 1923, he was engaged in consulting geology in 
California. In March, 1924, Ickes became associated with the Western Gulf 
Oil Company as field geologist with headquarters in Los Angeles. His field 
experience in California familiarized him with many parts of the state, and in 
1929 he became chief geologist of this western branch of the Gulf interests. 
He continued in this capacity until December, 1937, when a slight stroke made 
it imperative for him to discontinue active geological work. 

In 1915, Eugene Ickes married Eileen Julia Mahoney in England. In 
November, 1939, he married Pauline Haberman who, with his two children, 
John T., 23, and Mary Jean, 19, survive him. 

E. L. Ickes became an active member of the American Association of 
Petroleum Geologists in February, 1924, being sponsored by Ralph W. 
Richards, E. DeGolyer, and G. C. Gester. Other affiliations included the So- 
ciety of Economic Geologists, the American Institute of Mining and Metal- 
lurgical Engineers, the American Association for the Advancement of Science, 
and the English Seismological Society. 

To those who knew him, ‘‘Gene”’ Ickes was a constant student of geology, 
petrography, and other related sciences. He had an exceptional gift for higher 
mathematics which he used as a diversional hobby for relaxation purposes. 
His field geological investigations embraced many areas and lands beyond the 
scope of most of us and his store of geological knowledge was boundless. His 
forte was reconnaissance geology and the greater part of his field time was 
spent in this type of work. His passing marks the end of another of those 
“old-timers” of West Coast petroleum geology, and he is sorely missed from 
our present-day ranks. 

BIBLIOGRAPHY OF EUGENE LAW ICKES 
1923. “Similar, Parallel and Neutral Surface Types of Folding,” Soc. Econ. Geol. (Sep- 


tember, 1923). 

1925. “The Determination of Formation Thicknesses by the Method of Graphical 
Integration,” Bull. Amer. Assoc. Petrol. Geol., Vol. 9, No. 3 (May-June, 1925), 
PP. 45-63. 

1934. “Fi ormulas for Calculating Stratigraphic ‘cera Exposed between Two Dips,” 
ibid., Vol. 18, No. 1 (January, 1934), pp. 13 

1936. “Estimation of Probable Value of Wildcat Pand,” ibid., Vol. 20, No. 8 (August, 


1936), pp. 1005-18. 
Max L. KRUEGER 


Nort Hottywoop, CALiFroRNIA 
August, 1941 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Dovuctas D. Howarp has resigned his position with the Arkansas Fuel 
Oil Company at Shreveport, Louisiana, and is now associated with the Penrod 
Drilling Company of Dallas, Texas. 


Frank B. NorestTeEIN, Association district representative for South 
America, is at 1727 Burbank Road, Wooster, Ohio, on vacation through De- 
cember, after which he will return to Bogota, Colombia, where he is in the 
employ of the Texas Petroleum Company. 


Haro_p Scott THoMaSs, consulting geologist, formerly chief geologist and 
petroleum engineer for the Slick-Urschel interests and the Transwestern Oil 
Company, at Oklahoma City, is active head of the Geological Service Bureau, 
Stuart Building, Lincoln, Nebraska. This bureau issues a weekly report, 
Nebraska Oil. 


Atex W. McCoy, III, has changed his address from Brooks Field, San 
Antonio, Texas, to the Carter Oil Company, Mattoon, Illinois. 


Wir.1am T. THomas, of the Sinclair Prairie Oil Company, has moved from 
Fort Worth to Midland, Texas. 


Donatp M. REESE, recently with the Sinclair Prairie Oil Company at 
Houston, Texas, is with the Sinclair Wyoming Oil Company, Jackson, 
Mississippi. 

C. R. Nicuots, formerly with the Sun Oil Company, is operating inde- 
pendently at McAllen, Texas. 


James D. Hucues and J. C. BARCKLOw have been appointed sales mana- 
gers for the Gulf Coast and Mid-Continent divisions of Lane-Wells Company, 
according to an announcement made by M. E. Montrose, Lane-Wells vice- 
president and general sales manager. These men will direct the company’s 
sales engineering work in those divisions. Hughes will have headquarters at 
Houston and Barcklow will be at Oklahoma City. 


C. H. Dresspacu, of the Gulf Research and Development Company, 
Pittsburgh, Pennsylvania, has been transferred to the Western Gulf Oil Com- 
pany, Los Angeles, California. 


FRANK J. GARDNER, chief geologist for the Rinehart Oil News Company, 
is on leave of absence while holding the Joseph Cullinan scholarship in 
petroleum geology at the University of Texas, Austin. Gardner received the 
South Texas Geological Society student award in 1940. His doctoral disserta- 
tion is “A Correlation of Characteristics of the Oil Fields of North and North- 
Central Texas.” 


Miss Doris S. MALKIN, recently with the Speed Oil Company, is geologist 
for the Fohs Oil Company, Houston, Texas. 
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Miss Dorotuy A. JUNG, geologist with the Republic Production Com- 
pany, Houston, is now Mrs. Dorothy Jung Echols. 


Crecit HAGEN, consulting geologist, Houston, Texas, has returned from a 
business trip to Cuba. 


D. B. Harris, formerly with the Mabee Oil Company, Evansville, Indi- 
ana, and W. P. MarTENs, a graduate of the University of Tulsa, have been 
employed by the Seismograph Service Corporation. 


_ Linn M. Farisu, who has joined the Civilian Technical Corps of the 
British Government, may be addressed at Apartment 126, 3546 Seventy- 
fourth Street, Jackson Heights, Long Island, New York. 


ANNA MINKoFsky is on leave of absence from the microscope at Shell’s 
Shreveport, Louisiana, office. She is searching for geological employment in 
New York City involving only reasonable use of eyes. Her address is in care 
of Mrs. A. Page, 75 East 165th Street, New York City. 


J. E. Heston, who has been in the employ of Petroleum Advisers, Inc., 
New York, has accepted appointment as senior petroleum technologist with 
the Office of Production Management at Washington, D. C. 


O. E. Buck, assistant director of production for District No. 3 of the 
petroleum coordinator’s office, addressed the Houston Geological Society, 
September 18, on “Explanation of the Function of the Office of Coordinator.” 


The United States Civil Service Commission, Washington, D. C., an- 
nounces open competitive examinations for the positions of technical and 
scientific aid (salary, $1,800), assistant technical and scientific aid ($1,620), 
and junior technical and scientific aid ($1,440). Applications will be rated until 
June 30, 1942, unless sufficient eligibles are obtained before that date. Op- 
tional subjects are radio, explosives, chemistry, physics, metallurgy, fuels 
(coal, gas, petroleum, wood, et cetera). 


STANLEY HEROLD’s book, entitled Oil Well Drainage, now in the process of 
publication by the Stanford University Press, it will soon be ready for de- 
livery. The text is non-mathematical throughout. Citations of field experiences 
are numerous. 


M. G. Epwarps, manager of the Los Angeles Basin division of the Shell 
Oil Company, Inc., has been appointed chief geologist of the company in the 
Pacific Coast territory. 


CHESTER D. WuorTON, formerly with Godfrey L. Cabot, Inc., of Wells- 
ville, New York, is now engaged in the production of natural gas in southern 
New York and northern Pennsylvania. He recently completed a 5 million- 
foot gas well that is producing from the Oriskany sand. He may be addressed 
at Box 311, Coudersport, Pennsylvania. 


ARTHUR C. Munyan, formerly assistant State geologist of Georgia, is 
assistant professor of geology at Emory University, Atlanta, Georgia. 
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MEETING OF SECTION E, AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE, DALLAS, DECEMBER 29-31 


The Section on Geology and Geography of the American Association for 
the Advancement of Science, together with the Texas Academy of Science, 
the Association of American Geographers, and the Geological Society of 
America, is sponsoring scientific sessions to be held in Dallas, December 29- 
31. Hucu D. Miser as retiring vice-president will deliver the principal ad- 
dress. The subjects of the three days of meetings are scheduled as follows. 


Monday, December 29: Structure and Stratigraphy of the Southwest. 

Tuesday, December 30, morning session, jointly with the American Geophysical 
Union: Relation of Geology to the Ground-Water Problems of the Southwest. 

Tuesday, December 30, afternoon session, jointly with the Section on Anthropol- 
ogy: Early Man in North America. 

Wednesday, December 31: Regional Geography of the Southwest. 


SOUTH TEXAS SECTION THIRTEENTH ANNUAL MEETING 
OCTOBER 31, NOVEMBER 1-2 


The South Texas Section of the American Association ot Petroleum Geol- 
ogists announces its thirteenth annual meeting and field conference to be held 
in Monterrey, Mexico, on October 31, November 1 and 2, 1941. The field 
conference will convene at Monterrey on Thursday night, October 30. 

On Friday, October 31, a field trip will be made to Las Cortinas Canyon, 
27 miles west of Monterrey on the Saltillo Highway where there are excep- 
tionally good exposures of 3,500 feet of Middle and Lower Cretaceous and 
approximately 2,000 feet of Jurassic. 

The program will be held on Saturday, November 1, in Monterrey. There 
will be several general papers, but the greater part of the program will be 
devoted to two symposiums. One of these will cover the lower Claiborne and 
Wilcox and the other the Cretaceous and Jurassic. The discussions will be 
limited to the occurrences of these formations in northern Mexico and in 
Texas, Louisiana, and Arkansas. 

On Sunday, November 2, the group will return from Monterrey to Laredo, 
Texas, making a surface study of the Upper Cretaceous and of the Midway, 
Wilcox, and lower Claiborne en route. 

J. E. SHaw, Apartado 416, Monterrey, Mexico, will handle all hotel 
reservations. It is requested that all those planning to attend the meeting 
notify Mr. Shaw as soon as possible regarding type of rooms desired and the 
names of the people who will occupy them. The hotels to be available in 
Monterrey are the Ancira, Colonial, Monterrey, and Bermuda. The Ancira 
is convention headquarters. 
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PROFESSIONAL DIRECTORY 


Space for Professional 


Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOQUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Crains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


R. L. TRIPLETT 
Contract Core Drilling 


2013 West View St. 


WHitney 9876 Los ANGELES, CALIF, 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 
10560 Dolcedo Way 
LOS ANGELES, CALIFORNIA 


COLORADO 
HEILAND RESEARCH CORPORATION EVERETT S. SHAW 
Registered Geophysical Engineers Geologist - Engineer 
— Instruments — 3131 Zenobia Street 
— Surveys — Interpretations — DENVER, COLORADO 
ILLINOIS 
ELMER W. ELLSWORTH 
Consulting Geologist 
Wham Building 
212 East Broadway 
CzNTRALIA, ILLINOIS 
INDIANA 
NATHAN C. DAVIES L. A. MYLIUS 
Petroleum Geologist and Engineer Geologist-Engineer 


Specializing in Subsurface Conditions and 
Correlations and in Production Problems 


2232 E. Powell, Evansville, Indiana 


Box 264, Centralia, Illinois 
Bell Bros., Robinson, Illinois 


901 Old Natl. Bank, Evansville, Ind. 
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IOWA 
ALLEN C. TESTER 
Geologist 
State University 
of Iowa, Iowa City 
KANSAS 


Res. office, 137 S. Bleckley Dr. Phone, 2-4058 


R. B. (IKE) DOWNING 
Petroleum Geologist and Microscopist 


Surface Magnetics 

Subsurface Sample Determinations 

Union National Bank Bldg., Wichita, Kansas 
Weaver Hotel, Falls City, Nebraska 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 

207 Ellis-Singleton Building 
Wicuita, Kansas 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La, 


NEW YORK 


FREDERICK G. CLAPP 


Consulting Geologist 
Examinations, Reports, 
Appraisals, Management 


BROKAW, DIXON & McKEE 


Geologists Engineers 


OIL—NATURAL GAS 
Examinations, Reports, Appraisals 
Estimates of 


50 Church Street Chickasha ae. 
New York Oklahoma 120 Broadway Gulf Building 
OHIO 
JOHN L., RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 


GINTER LABORATORY 


CORE ANALYSES 
ELFRED BECK 
Geologist Permeability 
Porosity 
717_McBi Bldg. Box 55 
TULSA, © ~~ DALLAS, TEX. R. L. GINTER Reserves 
Owner 118 West Cameron, Tulsa 
R. W. Laughlin L. D. Simmons 


FREDERICK G. CLAPP 
Consulting Geologist 
Specialty: Southwestern Oil Problems 
Field office: New Chickasha Hotel 


CHICKASHA OKLAHOMA 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 


TULSA OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 
TULsA OKLAHOMA 


CLARK MILLISON 
Petroleum Geologist 


Beacon Building 
OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSY 


LVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 


L. G. HUNTLEY 
J. R. Wyte, Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L, ADLER 
Geologist and Geophysicist 


Contracting Geological, Magnetic, Seismic 
and Gravitational Surveys 


901 Esperson Bldg. 
HOUSTON, TEXAS 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
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TEXAS 


CUMMINS & BERGER 
Consultants 
Ralph H. Cummins 


1601-3 Trinity Bldg. 
Walter R, Berger 


Fort Worth, Texas 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 


1431 W. Rosewood Ave. San Antonio, Texas 


J. E. (BRICK) ELLIOTT 
Petroleum Engineer 


3404 Yoakum Blvd. Houston, Texas 


F. B. Porter R. H. Fash 
President Vice-President 


THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


8284 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


W. G. Savittz J. P. ScouMACHER A. C, PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION me EXPLORATION 


Gravity Surveys 


Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


J. S. HuDNALL G. W. 
HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 
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TEXAS 


W. P. JENNY 
Geologist and Geophysicist 
Gravimetric Seismic 
Magnetic Electric 
Surveys and Interpretations 
1406 Sterling Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AMB GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geopbhysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


WM. C. McGLOTHLIN 
Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 


Geophysical Explorations 
806 State Nat’l. Bank Bldg., CORSICANA, TEXAS 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work - Undertaken 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 


Gravity Surveys and Interpretations 


F. F. REYNOLDS 
Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 
Gulf Bldg. Houston, Texas 
RER Frank C. Roper John D. Todd 
SUBTERREX ROPER & TODD 
BY Specializing Wilcox Problems 


Geophysics and Geochemistry 
Esperson Building Houston, Texas 


527 Esperson Building Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 


E. W. KRAMPERT 
Geologist 
P.O. Box 1106 
CASPER, WYOMING 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 
Box 979, Tulsa, Oklahoma 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN - 
ASSOCIATION OF PETROLEUM 
GEOLOGISTS 


DENVER, COLORADO 


- Ninetta Davis 

224 ‘Uz Ss. Customs Building 

15t Vice-President - - - - James Boyd 

2nd - - + +H. E. Christensen 
he Texas Company 

Dart Wantland 

927 Humboldt Street 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.M., Auditorium Hotel. 


President 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - - - - L. M. Clark 
Shell Oil Cumming, Centralia 


Vice-President - - - - - + C. B. Anderson 
Gulf Refining Company, Mattoon 


Secretary-Treasurer - - - Robert G. Kurtz 
The Ohio Oil Company, Marshall 


Meetings will be announced. 


KANSAS LOUISIANA 
KANSAS SHREVEPORT 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 


WICHITA. KANSAS 
President - W. Inkster 
Shell Oil Company, 
McKee 


Vice-President - - 
Consulting Geologist 
Lee H. Cornell 


Secretary-Treasurer - - 
Stanolind Oil and Gas Company 
Manager of Well Log Bureau - Harvel E. White 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 

Visitors cordially welcomed. 

The Society sponsors the Kansas Well Log Bureau 

ance is located at 412 Union National Bank 
uilding. 


SHREVEPORT, LOUISIANA 
President - - - Warren B. Weeks 
Phillips Petroleum Co., 1009 Giddens-Lane Bldg. 
Vice-President - - - Weldon E. Cartwright 

Tide Water ASsodated—Seabonrd Oil Cos. 


Secretary-Treasurer - - - n D. Robinson 
Atlantic Refining Company, i001 ‘City Bank Bldg. 
Historian - - - Robert B. Totten 


Phillips Petroleum 


Meets the first Friday of 7:30 
Civil Courts Room, Cad House. 
Special dinner meetings by Parish 


MICHIGAN 


MICHIGAN 
GEOLOGICAL SOCIETY 
ed B. Maebius 


President - 
Gul: 


Vice-President - - ie C. Lamar 
Carter Oil Company, Saginaw 


-Treasurer - Justin Zinn 
ichigan State College, East Lansing 


Business Manager - - Lee C. Miller 
State ‘Proration ‘Officer, Lansing 


Monthly dinner meetings rotating be- 


Meetings: 
ansing. Infor- 


tween Saginaw, Mt. Pleasant, and 
mal dress. 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 
LAKE CHARLES, LOUISIANA 


President - R. Canada 
Stanolind Oil and Gas compan 
Vice-President - - P. H. Jennings 


Magnolia Petroleum Company 


Secretary - - - + E. M. Ba 
Luncheon 1st J 
and business meeti 


geologists are welcome. 
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MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President - Urban B. Hughes 
Consulting Geologist, 1205 “Tower Building 


Refining Company, Box 1105 


- + + David C. Harrell 
Carter Oil Company, dee 1490 


Meetings: First and third Wednesdays of each 
month ,from October to May, inclusive, at 7:30 
p.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, 


President - C. W. Tomlinson 
509 “Simpson Building 


- Tom L. Coleman 
U.S. Geological Survey, Box 719 


Secretary-Treasurer - - + Bob Hancock 
Magnolia Petroleum Company, Box 299 


Dinner meetings will be held at 7:00 p.m. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - - + + John E. VanDall 
Magnolia Petroleum Company 


Vice-President Clyde Dorr 
Consulting Geologist, 1801 Petrolzum Bide. 


Secretary-Treasurer - - Graydon H. 
Sinclair Prairie Oil Co., 703 Colcord B) 


Meetings, Ninth Floor, Commerce Build- 

ing: Technical Program, second Monday, each 

igi 8:00 p.M.; Luncheons, every Monday, 
215 P.M 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


The Texas Company 


Vice-President- - - - Robert L. Cassingham 
Amerada Petroleum 


Secretary-Treasurer - - Martyna Garrison 
‘Amerada Petroleum Corporation 


Meets the fourth Monday of each month at 8:00 
P. at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President -_- - Ralph A. Brant 
Atlantic Refining Company, Bescon Building 


Vice-President - - Kilburn E. Adams 
The Texas “Company 


- + Charles W. Lane 
Pure Oil Company, Box 271 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 


TULSA 
TULSA, OKLAH 


President - - L. Ferguson 
Amerada ‘Petroleum Corporation 
1st Vice-President -_- - - - Louis H. Lukert 
The Texas Company 
2nd Vice-President- - - - Howard J. Conhaim 
Consulting Geologist 
Secretary-Treasurer - R. Spahr 
Box 801, Carter Oil 
Editor - - Charles Ryniker 
Gulf Oil Corporation 


Meetings: ag and third Mondays, each no. 
rom October to May, inclusive, at 8:00 P.M., 

University of Tulsa, "Kendall Hall 
Luncheons: Every Thursday (October-May), Mich- 
aelis Cafeteria, 507 South Boulder Avenue. 


TEXAS 
——. EAST TEXAS GEOLOGICAL 
DALLAS, TEXAS TYLER, TEXAS 
President - - - Lewis W. 
DeGolyer, and McG President - - - C. I. Alexander 
Vice-President - Magnolia Petroleum Company. Box 780 
Core Laboratories, Inc., Santa Fe Building 
Vice-President - - E. B. Wilson 
Secretary-Treasurer - - - - + Fred A. Joekel Sun Oil Company “Box 807 
Petroleum — Box 900 Bewndell 
ecretary-Treasurer - - - Laurence Brunda 
Company, Oil Company, Inc., Box 2037 


Meetings: Regular luncheons, first Monday of each 
month, 12:15 noon, Petroleum Club, Adolphus 
Hotel. Special night meetings by announcement. 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 


j 
xv 
| ber 
| 
} 
| 
| 
| 
} 
} 
| 
| 
| 
| | 
| 
| 
} 
| 
| 
| 
| 
& 
} 
P.M. : 
| 
| 
} 


Bulletin of The American Association of Petroleum Geologists, October, 1941 


TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH. TEXAS HOUSTON, TEXAS 
President - - - + Carleton D. Speed, 
President - - aul C, Dean Consulting Geologist, Second National Bank Bldg. 
Consulting Geologist. Ww. T. Building Vici = Davis 
Vice-President - - - + ¢, L. Mohr Pure Oil Company 
Ambassado Oil. Co. poration - - oe Burkhead 


Gulf Oil Corporation, Box 1 


mittee. geologists are welcome "to 


Treasurer - - - James W. 
Amerada Petroleum Corporation, Esperson 
ofdlod meeting held every Thursday at noon ( 12 
ock), floor, Texas State Hotel. For 
pee | particulars pertaining to the meetings write or 
1 the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - - - + + J.R. Seitz 
Seitz, Comegys, and Seitz, 531 Waggoner Building 
Vice-President - - - J. J. Russell, Jr. 


Sinclair Prairie Oil ‘Comp pany 
509 Hamilton Building 
tary-T' - M. Clark 
“Tid “Water Associated Oil 
924 Hamilton Building 


Luncheons and evening programs will be an- 
nounc 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO AND ‘ie CHRISTI 


esident Gentry Kidd 
eo Oil ‘and Gas Company, San Antonio 
Vice-President - - G. B. Gierhart 
Humble Oil and Refining Company, Corpus Christi 
Secretary-Treasurer - - - W. W. Hammond 
Magnolia Petroleum Com any, 1709 Alamo 
National Building, San Antonio 


Meetings: Third pron a of each month alternately 
in San Antonio and Corpus Christi, Luncheon 
every Monday noon at Mi 1 Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


AUSTIN, TEXAS 


President - - - - B. Stenzel 
Bureau of Economic “Geology 


Vice-President - - - + William A. Bramlette 
Univ. Texas, Dept. of Geology 


Secretary-Treasurer - - - - Travis Parker 
Univ. Texas, Dept. of Geology 


Meeti third Friday at 8:00 at, the 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
President - Robert E. King 
Shell Oil “Company, Inc. 


Vice-President - - Fred F. Kotyza 
Tide Water Associated Oil Company, Box 181 


Secretary-Treasurer - - - Walter G. Moxey 
Stanolind Oil and Gas Company 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 


SOCIETY, 
CHARLESTON, WEST VIRGINIA 
“Box 1435 
- R. Lockett 
hio Fuel Gas Co., Box 117, Colum us, Ohio 
Vie Presider - Charles Brewer 
Godfrey L. Cabot, Inc., , Box 348, Charleston, W.Va. 
Secretary- J. E. Billingsley 
West Virginia Gas Co ration 
Box 404, Charleston, W.Va. 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - H. B. Peacock 
Geoph: ysical Service, Inc., Houston, Texas 
Vice-President - - - Frank Goldstone 
Shell Oil Company, ‘Inc., Houston, Texas 
Editor - - + R. D. Wyckoff 
Gulf Research and “Development Company 
Pi » Pennsylvania 
- + + William M. Rust, Jr. 
umb ed Oil and Refining Company 

x 2180, Houston, Texas 
W. T. Born 
Geophysical Research Corp ration 
Box 2040, Tulsa, Oklahoma 


Business Manager - - - - + + J. Gallie 
PO. Box 777, Austin, Texas) 
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GEOLOGY OF THE 
TAMPICO REGION, MEXICO 


By JOHN M. MUIR 


PART I. INTRODUCTORY. Drainage. (Pages 14) 
PART II. — AND P: GEOGRAPHY, Palaeozoic. Mesozoic. Tertiary. 


7-142 

PART III. dus ROCKS It. Oil. 

PART IV. GENERAL STRUCTUR ND STRUCTURE OF O DS. Northern Fields 
and Southern Fields: Factors » Review of Pre- 


pre Features, Production, Description of Each Pool and Field, Natural Gas, 
ht-Oil Occurrences. (159-2 228, ) 
bif Temperatures. Salt- Water Temperatures. Well Pressures. Stripping bse 
and Acid Stratigraphical Data in Miscellaneous Areas. List of 
‘aneoco. 
BIBLIOGRAPHY LIST OF EFERENCE MAPS (248). GAZETTEER (249-250). 


APPENDIX. 


© 280 pages, including bibliography and index 

@ 15 A. 41 line drawi - including 5 maps in pocket 
212 references in biblio 

Bound in blue cloth; gold 62 9 tans 


$4.50, post free 
$3.50 to A.A.P.G. members and associates 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


The Annotated | THE 
JOURNAL OF 


Bibliography of Economic Geology 


Vol. XIll, No. | GEOLOGY 


Orders are now being taken for the 4 semi-quarterly 


entire volume at $5.00 or for individual Edited by 
numbers at $3.00 each. Volumes I-XII 
can still be obtained at $5.00 each. ROLLIN T. CHAMBERLIN 
The number of entries in Vol. XII is Since 1893 a constant record of 
2,033. the advance of geological science. 
Articles deal with problems of 
Of these, 465 refer to petroleum, gas, systematic, theoretical, and funda- 
etc., and geophysics. They cover the mental eology. Each ‘article i is re- 
world. plete with diagrams, figures, and 
other illustrations necessary to a 
If you wish future numbers sent you full scientific understanding. 
promptly, kindly give us a continuing 
order, $6.00 a year 
$1.00 a single copy 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 Canadian postage, 25 cents 


Foreign postage, 63 cents 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. THE UNIVERSITY OF CHICAGO PRESS 
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FIRST IN OIL 
1895 — 1941 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


Telephone L D 711 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 


Dallas, Texas 


GEOLOGY OF 
NATURAL GAS 
EDITED BY HENRY A. LEY 


A comprehensive geologic treatise of the oc- 
currence of natural gas on the North Ameri- 
can Continent. 


1227 pages 
250 illustrations 
Bound in cloth. 6 x 9 x 2 inches 


$4.50 Postpaid 
$6.00 to non-members 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


Box 979, Tulsa, Oklahoma 


GULF COAST 
OIL FIELDS 


A SYMPOSIUM 
ON THE 
GULF COAST CENOZOIC 


EDITED BY 


DONALD C. BARTON 
AND 
GEORGE SAWTELLE 
ieee pases 292 line drawings, 19 half-tone plates. 


id in blue cloth; gold stamped ; paper jacket ; 
6x9 inches. 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 


($3.00 to A.A.P.G. members and associate 
members) 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
Box 979, Tulsa, Oklahoma 
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Spencer 
Announces 


new models of 


POLARIZING 
MICROSCOPES 


‘Above: No. 37 wn use. 


_ om new Spencer Polarizing Microscopes are the result of 
many years of development. Scientific workers, eminent au- 
thorities have contributed suggestions—have experimented 
with “pilot” models—have given enthusiastic approval. 


These new instruments represent important advances, both 
optically and mechanically —advances which further increase 
their usefulness in the many sciences and industries in which 
the polarizing microscope has proved invaluable. 


A catalogue illustrating these new microscopes, and summar- 
izing many of the functions for which they can be utilized 
is now ready for distribution. Write Dept. P29 for your copy. 


Spencer Lens Company 
BUFFALO, NEW YORK 


pa Scientific Instrument Division of 
—— AMERICAN OPTICAL COMPANY 


Sales Offices: New York, Chicago, San Francisco, Washington, Boston, Los Angeles, 
No. 45 Dallas, Columbus, St. Louis, Philadelphia, Atlanta 
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PRACTICAL PETROLEUM 
ENGINEERS? HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA, E.M.M.Sc. 
and 
W. T. DOHERTY 


This book was written by practical oil men, The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS’ HANDBOOK has been com- 
pletely revised and enlarged. The many changes which have been made during the past two 
years in the Standard Specifications of the American Petroleum Institute, particularly in pipe 
specifications, are incorporated in the new edition. Several tables are rearranged and charts 
enlarged to facilitate their use. Table of Contents and Index are more complete. Also about 90 
pages of new formulae, tables, charts and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter Il —Steam 

Chapter II] —Power Transmission 
Chapter IV —Tubular Goods 

Chapter V —Drilling 

Chapter VI —Production 

Chapter VIl_ —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 
Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 
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RES 
erent P ang me new ectio™ 


Lagle-eye “tor deta ~ 


ELECTRICAL CHARACTERISTICS of forma- 
tions are measured by extremely sensi- 
tive galvanometers in the Electrolog 
Automatic Recorder. Each Lane-Wells 
galvanometer is an “eagle-eye” for de- 
tail—precisely calibrated to assure accu- 
rate recording—tough enough to retain 
calibrations under widely varying cli- 
matic and operating conditions. 


Electrolog’s sensitivity of response and 


LANE-WELLS COMPANY 


sharpness of definition of all curves, 
coupled with the fact that Electrolog’s 
steel-shrouded cable permits operations 
with absolute safety against pressure 
even in the heaviest muds, are “reasons 
why” operators have confidence in Lane- 


Wells. 


Get all the facts on logging and you'll 
“call Lane-Wells” and have the job 
done right. 


7200 
7300 
f 
2 
—_ = > 
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SEISMIC EXPLORATIONS, INCOR: BAATED 
HOUSTON, TEXAS 


“SES SURPR ECE SURVEY 
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Substitute, 
Urglar Alarmé 
Fire Alarms 


Many times it is possible to simplify mechanisms, 
cut costs and improve reliability of operation by 
the use of direct current for control or power 
circuits, or electrically operated equipment. 


And many D.C. power applications may be made 
more reliable, more efficient and more compact if 
available A.C. power is converted to D.C. 


The function of Mallory Rectifiers is to convert 
A.C. to D.C. They are noiseless, long-lived, com- 
pact—furnished in standard capacities or built to 
your particular requirements. 

If your product requires A.C. rectification, write 
for the new Mallory booklet. It contains a wealth 
of information on the selection and application of 
the proper rectifier for your need. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA 


MALLORY @ CO. inc 


ALLOR 


Flevator Controls Chuck, Slutches | 

— Mode} Trains : 
Project: Circuis Breaker Selenaide 
Electroly<;. Reclosing Radio Remote 

| 


attached to Barret magnetic crews that 
will work all of 1941 


FOR ONE MAJOR OIL COMPANY 


Such recognition can only be inspired by 


proven successes in the past.... 


Successes made possible by methods de- 
veloped in our 13 years of constant re- 


WILLIAM M. BARRET, INC. 


: = 


: vat 
as 
GIDDENS - LANE BLDG., SHREVEPORT, LA. 


One Sure Way... 


| you can beat the Guessing Game 


Don’t Guess when completing an oil well! ! 


numbers, are seeing for themselves that there is 
no adequate substitute for a careful, scientific analysis 
of cores made at the well as coring progresses. Only in 
this way can the operator be assured of reliable and prompt (usually with- 
in 3 hours) information upon which to make his decisions regarding com- 
pletion, production and evaluation problems. 


Core Laboratories, Inc., offers its clients (1) a back-ground of experi- 
ence covering most of the oil producing areas of the United States; (2) a 
nation-wide service of completely equipped portable lab- 
oratories available at most drilling sites in the U. S. A. on 


LaboratoriesIng, 


Complele Analysis at the Well 4 
available throughout 


GENERAL OFFICES-SANTA FE BLDG., DALLAS the United States. 


x Base Lepr Located in Following Cities: ) 
EXAS: HOUSTON, CORPUS CHRISTI, WICHITA FALLS @ LOUISIANA: COTTON VALLEY, LAFAYETT 
e OKLAHOMA: OKLAHOMA CITY @ ILLINOIS: CARMI, CENTRALIA e@ CALIFORNIA: BAKERSFIELD, LoS ANGELES 
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